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INTRODUCTION

This notebook is intended to be a working tool that provides a readily available
compilation of current FHWA policy and guidance on pavements. Users are
encouraged to add material as they see fit.

The notebook is composed of:

(1) Reference to appropriate Federal-aid Highway Program
Manual directives;

(2)  Other issuances, such as Technical Advisories and Notices which present
short-term instructions or interim policy;

(3) FHWA memorandums clarifying policy or providing
technical guidance;

(4) Discussions reflecting current state-of-the-art or
philosophy;

(5) Material on developmental and research areas related to
pavements.

The material is arranged by subject into chapters and sections. The Table of Contents
shows current date for each document.

Any comments, suggested additions, or revisions to the notebook should be directed to
the Federal Highway Administration, Attn: Mr. Peter J. Serrano, Pavement Division,
HNG-46, 400 Seventh St., S.W., Washington, D.C.; Telephone number 202.366.1341
or email at Peter.J. Serrano@fhwa.dot.gov.






Enclosed is the second revision to the Pavement Notebook For FHWA Engineers. Please
make the changes contained in the attachment. Submit the attached form on the following
page so that we can include your name and address on our mailing list. For further
information or additionai copies of the notebook contact Mr. Peter J. Serrano at
202.366.1341 or Peter.J.Serrano@fhwa.dot.gov.






Refer to: HNG-40
Chief, Pavement Division
Federal Highway Administration
400 Seventh Street, SW., Room 3118
Washington, D.C. 20590-0001

Attn: Mr. Peter J. Serrano, P.E.
Dear Sir:
I have received a copy of the Pavement Notebook for FHWA
Engineers and would like to be on your distribution list for
future updates and/or additions to the notebook.
Request for additional copies should be addressed to:
Federal Highway Administration
Pavement Division - Attn: Mr. Peter J. Serrano, P.E.
Pavement Design and Rehabilitation Branch (HNG-42)
400 Seventh Street, S.W.
Washington, D.C 20590

Please mai; or fax the form below.

----------------------- cut here ———————————— e — - ———
Name:
Title:
Agency:
Address:
Telephone Number:
Federal Highway Administration - Pavement Division

Attn: Mr. Peter J. Serrano, P.E. (HNG-42);
Fax number: 202.366.3713
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[FEDERAL-AID POLICY GUIDE
April 22, 1994, Transmittal 10 23 CFR 500B] OPI: HNG-41

SUBCHAPTER F - TRANSPORTATION INFRASTRUCTURE MANAGEMENT
PART 500 - MANAGEMENT AND MONITORING SYSTEMS

Subpart B - Pavement Management System
Sec.

500.201 Purpose.

500.203 PMS definitions.

500.205 PMS general requirements.
500.207 PMS components.

500.209 PMS compliance schedule.

Authority: 23 U.S.C. 134, 135, 303 and 315; 49 U.S.C. app.
1607;
23 CFR 1.32; and 49 CFR 1.48 and 1.51.

Source: 58 FR 63475, Dec. 1, 1993 [Effective Jan. 3, 1994]
Sec. 500.201 Purpose.

The purpose of this subpart is to set forth requirements for
development, establishment, implementation, and continued
operation of a pavement management system (PMS) for
Federal-aid highways in each State in accordance with the
provisions of 23 U.S.C. 303 and subpart A of this part.

Sec. 500.203 PMS definitions.

Unless otherwise specified in this part, the definitions in
23 U.S.C. 101(a) and Sec. 500.103 are applicable to this
subpart. As used in this part:

Pavement design means a project level activity where
detailed engineering and economic considerations are given to
alternative combinations of subbase, base, and surface
materials which will provide adequate load carrying capacity.
Factors which are considered include: materials, traffic,
climate, maintenance, drainage, and life-cycle costs.

Pavement management system (PMS) means a systematic process
that provides, analyzes, and summarizes pavement information
for use in selecting and implementing cost-effective pavement
construction, rehabilitation, and maintenance programs.

Sec. 500.205 PMS general requirements.

(a) Each State shall have a PMS for Federal-aid highways
that meets the requirements of Sec. 500.207 of this subpart.

1.1.1



(b) The State is responsible for assuring that all
Federal-aid highways in the State, except those that are
federally owned, are covered by a PMS. Coverage of federally
owned public roads shall be determined cooperatively by the
State, the FHWA, and the agencies that own the roads.

(c) PMSs should be based on the concepts described in the
" "AASHTO Guidelines for Pavement Management Systems.'' [AASHTO
Guidelines for Pavement Management Systems, July 1990,
can be purchased from the American Association of State
Highway and Transportation Officials, 444 N. Capitol Street,
NW., suite 225, Washington, DC 20001. Available for inspection
as prescribed in 49 CFR part 7, appendix D. ]

(d) Pavements shall be designed to accommodate current and
predicted traffic needs in a safe, durable, and cost-effective
manner.

Sec. 500.207 PMS components.

(a) The PMS for the National Highway System (NHS) shall, as
a minimum, consist of the following components:

(1) Data collection and management.

(1) An inventory of physical pavement features including the
number of lanes, length, width, surface type, functional
classification, and shoulder information.

(ii) A history of project dates and types of construction,
reconstruction, rehabilitation, and preventive maintenance.

(iii) Condition surveys that include ride, distress,
rutting, and surface friction.

(iv) Traffic information including volumes, classification,
and load data.

(v) A data base that links all data files related to the
PMS. The data base shall be the source of pavement related
information reported to the FHWA for the HPMS in accordance
with the HPMS Field Manual. [Highway Performance Monitoring
System (HPMS) Field Manual for the Continuing Analytical and
Statistical Data Base, DOT/FHWA, August 30, 1993, (FHWA Order
M5600.1B) . Available for inspection and copying as prescribed
in 49 CFR part 7, appendix D.]



(2) Analyses, at a frequency established by the State
consistent with its PMS objectives.

(i) A pavement condition analysis that includes ride,
distress, rutting, and surface friction.

(ii) A pavement performance analysis that includes an
estimate of present and predicted performance of specific
pavement types and an estimate of the remaining service life
of all pavements on the network.

(iii) An investment analysis that includes:

(A) A network-level analysis that estimates total costs for
present and projected conditions across the network.

(B) A project level analysis that determines investment
strategies including a prioritized 1list of recommended
candidate projects with recommended preservation treatments
that span single-year and multi-year periods using life-cycle
cost analysis.

(C) Appropriate horizons, as determined by the State, for
these investment analyses.

(iv) For appropriate sections, an engineering analysis that
includes evaluation of design, construction, rehabilitation,
materials, mix designs, and preventive maintenance as they
relate to the performance of pavements.

(3) Update. The PMS shall be evaluated annually, based on
the agency's current |policies, engineering criteria,
practices, and experience, and updated as necessary.

(b) The PMS for Federal-aid highways that are not on the NHS
shall be modeled on the components described in paragraph (a)
of this section, but may be tailored to meet State and local
needs. These components shall incorporate the use of the
international roughness index or the pavement serviceability
rating data as specified in Chapter IV of the HPMS Field
Manual.

Sec. 500.209 PMS compliance schedule.

(a) By October 1, 1994, the State shall develop a work plan
that identifies major activities and responsibilities and
includes a schedule that demonstrates full operation and use
of the PMS on the NHS by October 1, 1995, and on non~NHS
Federal-aid highways by October 1, 1997.

1.13



(b) By October 1, 1995:

(1) The PMS for the NHS shall be fully operational and shall
provide projects and programs for consideration in developing
metropolitan and statewide transportation plans and
improvement programs; and

(2) PMS design for non-NHS Federal-aid highways shall be
completed or underway in accordance with the State's work
plan.

(c) By October 1, 1997, the PMS for non-NHS Federal-aid
highways shall be fully operational and shall provide projects
and programs for consideration in developing metropolitan and
statewide transportation plans and improvement prograns.
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FEDERAL-AID POLICY GUIDE
October 5, 1995, Transmittal 14 NS 23 CFR 500

NON-REGULATORY SUPPLEMENT
OPI: HNG-42

1. GENERAL PAVEMENT DESIGN CONSIDERATIONS
(23 CFR 500.205(d))

Title 23 CFR 500.205(d) establishes the following
reguirement: "Pavements shall be designed to
accommodate current and predicted traffic needs in
a safe, durable, and cost-effective manner." The
regulations do not specify the procedures to be
followed to meet this requirement. Rather each
State Highway Agency (SHA) is expected to use a
design procedure which is appropriate for their
conditions. The SHA may use the design procedures
outlined in the AASHTO Guide for Design of
Pavement Structures or they may use other pavement
design procedures that, based on past performance
or research, are expected to produce satisfactory
pavement designs.

a. FHWA Evaluation of Pavement Design Procedures

(1) Consistent with FHWA's Operational
Philosophy on process review/product
evaluation (PR/PE) attached to Executive
Director Carlson's November 12, 1991
memorandum, the FHWA field ocffices will
conduct periodic reviews of the SHA's
pavement design process. As part of the
review, FHWA field offices will sample a
sufficient number of projects to
determine that the pavement design
process is being followed and the
process provides reasocnable engineering
results. If the reviews show that the
SHAs have and are following an
acceptable pavement design process,
routine pavement design reviews of
individual projects will not be
required.

(2) The FHWA encourages the development of
mechanistic pavement design procedures.
To promote consistency in application of
mechanistic related design procedures,
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the Pavement Division will participate
with the Region and Division offices in
reviewing and discussing these
procedures with the State during their
development.

b. Factors to Consider in Pavement Design.

Highway agencies should pay particular
attention to the following items in designing

pavements.
(1) Traffic. Pavement designers should work

closely with the SHA component
respcnsible for the development of the
Traffic Monitoring System for Highways
(TMS/H) required under 23 CFR 500.801.
The TMS/H should reflect the accuracy of
traffic volume, classification, and
truck weight data required for pavement
design.

(a) Accurate cumulative load (normally
expressed as 18 kip equivalent
single axle loads or ESALSs)
estimates are extremely important
to structural pavement design.

Load estimates should be based cn
representative current vehicle
classification and truck weight
data and anticipated growth in
heavy truck vclumes and weights.
Representative current traffic data
should be obtained using
statistically valid procedures for
obtaining count, classification,
and weight data based on the
concepts described in the FHWA
"Traffic Monitoring Guide" and the
"AASHTO Guidelines for Traffic Data
Programs."

(b) Accurate vehicle classification
data on the number and types of
trucks is essential to estimating
cumulative loads during the design
period and should be given special
emphasis. Weight information
should be obtained using weigh-in-
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metion (WIM) equipment since this
data 1s more representative than
data obtained using static
enforcement scales which are
plagued with avoidance problems.
States should continue to automate
their monitoring program through
installation of strategically
placed automatic vehicle
classification and WIM systems as
soon as possible to improve the
current base traffic data used to
forecast future truck volumes and
loads.

(c) The SHA's forecasts of future
loadings should, as a minimum, be
based on two truck classes: trucks
up to 4-axle combination and trucks
with 5-axles or more. Changes 1in
load factors should also be
monitored and forecasted. The
forecasting procedures should
consider past trends and future
economic activity in the area. A
traffic data collection and
forecasting program that identifies
the most important truck types and
the changes in numbers and weights
of these truck types during the
design period should provide
realistic load estimates.

Roadbed Soils. Both the 1986 and 1993
versions of the "AASHTO Guide For Design
of Pavement Structures" require the use
of the Resilient Modulus (M) (a measure
of the elastic property of soils) in
lieu of soil support value as the basic
materials value to characterize roadbed
soils for flexible pavements. The
AASHTO Guide strongly recommends that
SHAs acquire the necessary equipment to
measure M,. SHAs who use M; values
converted from CBR and R-value should
conduct correlation studies using a
range of soil types, saturation levels,
and densities to determine realistic
input values. For rigid pavements, the

1.1.9



FEDERAL-AID POLICY GUIDE

Cctober

5,

1995,

(3)

(4)

Transmittal 14 NS 23 CFR 500

use of a k-value is required. NCHRP
Report 372, Support Under Portland
Cement Concrete Pavements, provides
improved guidance on selecting
appropriate values for this factor.
Froper roadbed soil support is needed
for longer pavement service lives and
more cost-effective pavement design.

Drainage

(a) Drainage is one of the more
important factors in pavement
design, yet inadequate subsurface
drainage ccntinues to be a
significant cause of pavement
distress, particularly in portlan
cement concrete pavements. During
the last 10 years significant
strides have been made in the
development of positive drainage
systems for new and reconstructed
pavements. There have also been
major developments in products and
materials which can be used for
retrofit longitudinal edgedrains.

(b) The developments in permeable base
technology and longitudinal
edgedrains make positive pavement
drainage possible and affordable.
Accordingly, pavement design
procedures need to consider the
effects of moisture on the
performance of the pavement. Where
the drainage analysis or past
performance indicates the potential
for reduced service life due to
saturated structural layers or
pumping, the design needs to
include positive measures to
minimize that potential.

Shoulder Structure

{(a) Recent studies demonstrate that
full structural shoulders improve
both mainline pavement and shoulder
performance. Research results have
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shown that widening the right
pavement lane and placing the edge
stripe 0.5 m from the outside
pavement edge significantly
improves pavement performance.

(b) The SHAs are encouraged to use
paved shoulders where conditions
warrant. Shoulders should be
structurally capable of
withstanding wheel loadings from
encroaching truck traffic. On
urban freeways Or expressways,
strong consideration should be
given to constructing the shoulder
to the same structural section as
the mainline pavement. This will
allow the shoulder to be used as a
temporary detour lane during future
rehabilitation or reconstruction.

(c) On new and reconstructed pavement
projects, the SHAs are encouraged
to investigate the advantage of
specifying that the shoulder be
constructed of the same materials
as the mainline, particularly on
high-volume roadways. Constructing
shoulders of the same materials as
the mainline facilitates
construction, reduces maintenance
costs, improves mainline pavement
performance, and provides
additional flexibility for future
rehabilitation.

Engineering and Economic Analysis.

The design of both new and rehabilitated
pavements should include an engineering
and economic evaluation of alternative
strategies and materials. The project
specific analysis should be evaluated in
light of the needs of the entire system.
Appendix B of the 1993 "AASHTO Guide for
Design of Pavement Structures," and the
"FHWA Pavement Rehabilitation Manual,"
provide guidance on engineering
cons'derations. The Engineering
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evaluation should include consideration
of the use of recycled materials or
pavement recycling techniques where
feasible. Economic considerations
include an economic analysis based on
Life Cycle Costs (LCC). The FHWA
interim policy statement on LCC analysis
published in the July 11, 1994 Federal
Register provides guidance on LCC
Analysis.

(a) Pavements are long term public
investments and all the cos:s (both
agency and user) that occur
throughout their lives should be
considered. LCCA identifies the
long term economic efficiency of
competing pavement designs.
However, the resulting numbers
themselves are less important than
the logical analysis framework
fostered by LCCA in which the
consequences of competing
alternatives are evaluated.

When performing LCCA for pavement
design, the variability of input
parameters needs to be considered.
The results of LCCA should be
evaluated to determine whether
differences in costs between
competing alternatives are
statistically significant. This
evaluation is particularly
important when the LCC analysis
reflects relatively small economic
differences between alternatives.

(b) The FHWA's policy on alternate
bids, which would include bids for
alternate pavement types, is
addressed in 23 CFR 635.411(b).
This section requires the use of

alternate bid items "When ... more
than one... product... will fulfill
the requirements... and these
products are judged... equally

acceptable on the basis of
engineering analysis and the
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anticipated prices... are estimated
to be approximately the same.

(1) The FHWA does not enccurage the use of
alternate bids to determine the mainline
pavement type, primarily due to the
difficulties in developing truly
equivalent pavement designs.

(2) In those rare instances where the use of
alternate bids is considered, the SHA's
engineering and economic analysis of the
pavement type selection process should
clearly demonstrate that there is no
clear cut choice between two or more
alternatives having equivalent designs.
Equivalent design implies that each
alternative will be designed to perform
equally over the same performance period
and have similar life-cycle costs.

Rehabilitation Pavement Design. It is
essential that rehabilitation projects be

properly engineered to achieve the best
return possible for the money expended. When
an existing pavement structure is sound and
the cost to restore serviceability is minor
when compared to the cost of a new pavement
structure or major rehabilitation, an
engineering and economic analysis of
alternative actions may not be necessary. In
general, for all major rehabilitation
projects, each of the following steps should
be followed to properly analyze and design
the project.

(1) Proiject Evaluation

(a) Obtain the necessary information to
evaluate the performance and
establish the condition of the in-
place pavement with regard to
traffic loading, environmental
conditions, material strength, and
quality. Historical pavement
condition data, obtained from the
Pavement Management System (PMS),
can provide good initial
information.
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(b)

Identify the types of pavement
distresses and the factors causing
the distresses before developing
appropriate rehabilitation
alternatives. The tools necessary
to analyze pavement failures, such
as coring, boring, trenching, and
deflection measurements, are well
known, and need to be employed more
often.

Evaluate the array of feasible
alternatives in terms of how well
they address the causes of the
deterioration, repair the existing
distress, and prevent the premature
reoccurrence of the distress.

(2) Project Analvysis

(a)

Perform an engineering and economic
analysis of candidate strategies.
The engineering analysis should
consider the traffic lcads,
climate, materials, construction
practices, and expected
performance. The economic analysis
should be based on life cycle cost-
and consider service life, initial
cost, malintenance costs, user
costs, and future rehabilitation
requirements, including maintenance
of traffic.

Select the rehabilitation
alternative which best satisfies
the needs of a particular project
considering economics, budget
constraints, traffic service,
climate, and engineering judgment.

(3) Project Design

(a)

Conduct sufficient testing, both
destructive and non-destructive, to
verify the assumptions made during
the alternative evaluation phase.
The SHAs should consider a new
distress survey if the original
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(b)

condition survey was sample based
or if the survey is not current in
terms of the time the project 1is
scheduled to go to contract.

Consider and address all factors
causing the distress in addition to
the surface indicators in the final
design. Such factors as structural
capacity, subgrade support, surface
and subsurface arainage
characteristics need to be
considered and provided for in the
final design.

Once a rehabilitation alternative
is selected, design the project
using appropriate engineering
techniques. A number of
publications are available to guide
the selection of these engineering
techniques. The FHWA's "Pavement
Rehabilitation Manual," and
training course "Techniques for
Pavement Rehabilitation" provide
excellent guidelines. There are
also a number of excellent guides
available from the asphalt and
concrete industries.

(4) Proiect Implementation

(a)

" Document the intent of the design

in the project plans and
specifications to provide both the
contractor and the construction
engineering personnel a clear and
concise project proposal. In
addition, maintain adequate
communication between the design
and construction engineers. This
will reinforce the intent of the
design and provide feedback on
project constructability and
performance to aid timely
evaluation of the selected
rehabilitation alternative.
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(b) The performance information should
also be included as a part of the
SHA's PMS. The lack of gocd
performance data on pavement
rehabilitation techniques is one of
the weaker points in the
rehabilitation process. Increased
emphasis should be placed on
developing basic performance and
maintenance cost data on
rehabilitation techniques where
performance data 1is not presently
available.

2. SAFETY (23 CFR 500.205d)

a.

The SHAs should provide skid resistant
surfaces on all projects, regardless of
funding source. New pavement surfaces
constructed with Federal funds must have skid
resistant properties suitable for the needs
of the traffic. New pavement surfaces on
projects where a skid resistant surface was
previously constructed with Federal funds
must have skid resistant properties suitable
for the needs of the traffic even if not now
financed with Federal-aid funds.

The SHAs should analyze pavement performance
histories and existing skid data to ensure
that the materials, mix designs, and
construction techniques used are capable of
providing a satisfactory skid resistant
surface over the expected performance period
of the pavement. Each SHA's skid accident
reduction program should include a systematic
process to identify, analyze, and correct
hazardous skid locations. The SHA's should
use the same construction procedures and
quality standards used in constructing new
pavements in pavement maintenance operations.

Plans and specifications for proposed
pavement rehabilitation and reconstruction
projects should include items to minimize
disruption and ensure adequate protection of
the motorists and workers within the
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construction work zone in accordance with the

provisions of 23 CFR 630, subpart J and
23 CFR 635, subpart A.
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NOV 04 1994

ACTION: [ISTEA Pavement Management Systems

Director, Office of Engineering HNG-41
Regional Administrators

We are approaching the first bench mark in impiementing the Pavement
Management System (PMS) provisions in ISTEA. By January 1, 1995, each State
is required to submit to the division office the certification statement, work
plan, and status for implementing its PMS. The division office should review
the submission and forward its comments and a copy of the documents to the
region. The regional office has the responsibility to review and accept the
submission and notify the division office accordingly.

The purpose of this memorandum is twofold. First, we want to provide

technical guidance and criteria in order to implement the PMS provisions in

ISTEA in a complete and consistent manner. Secondly, we request your

cooperation and assistance in providing us with PMS information, so we can

g:gtinue to monitor the States’ progress in developing and implementing their
's.

1. During the past months, we have assisted several field offices in
reviewing draft work plans and noted some deficiencies and
inconsistencies that warrant attention. Presently, we need to focus on
four technical items: (1) multi-year prioritization, (2) life-cycle cost
analysis, (3) condition survey distresses, and (4) condition survey
samples. Attached is technical guidance on these four items for your
use. We have reiterated some of the fundamentals of PMS for the benefit
of the States and divisions who are experiencing a high turnover and
influx of engineers and managers who are new to PMS.

2. For the past 8 years the Pavement Management Branch has maintained a
national database on the status of the States’ PMS’s that is used to
assess and guide the national PMS program. With the advent of the ISTEA
certification process, the information in the database will continue to
play an Tmportant role in managing the national program. As you know,
the information has always been collected and reported by the FHWA staff.
We are requesting your cooperation and assistance to have the division
office PMS specialists update this information when they concurrently
review the States’ PMS certifications and work plans. Please send the
completed PMS Survey form (copy attached) to the Pavement Management
Branch, HNG-41 by January 17, 1995. .
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Implementing the PMS provisions in ISTEA is of vital importance to FHWA. The
key to success is a strong joint effort between Headquarters and the field
offices. We will continue to provide technical guidance and direction as
needed to help achieve a comprehensive and consistent PMS program. If you
have any questions, or need technical assistance, please contact Mr. Frank

Botelho at 202-366-1338.
© William A. Weseman

William A. Weseman
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TECHNICAL GUIDANCE

Multi-Year Prioritization. Multi-year prioritization is the heart
of a PMS. It provides a prioritized listing of projects for which
rehabilitation/preservation actions are recommended for each year
of the planning horizon. The multi-year prioritized list of
candidate projects and treatments is a "first cut® 1ist that is
normally produced by the Pavement Management Engineer(s) and
submitted to the appropriate offices in the Agency to be used as
input in developing the statewide pavement preservation program.
The prioritization is based on priority factors, predicted
performance, and economic analysis relative to the goals set by the
State for its network. The candidate projects should have a high
benefit cost ratio based on life-cycle cost analysis. The
prioritization process must be objective, analytical, formalized,
and automated (computerized for State and large local networks) in
order to be stable and repeatable with time and changing of
personnel. Its established engineering criteria and analytical
methodology are the basis and means of producing and documenting an
accountable and justifiable pavement preservation program.

Many States have not yet established or utilized the above criteria
for multi-year prioritization. Rather, they are prioritizing
projects solely on a subjective, manual, and "worst first® basis.
The field offices need to promote and support major efforts by the
State highway agencies (SHA’s) to satisfy the intent of our
regulation on muiti-year prioritization.

Life-Cycle Cost Analysis. The need and purpose for life-cycle cost
analysis is strongly emphasized in ISTEA. The FHWA issued an
interim policy statement on l1ife-cycle cost on July 11, 1994.

This policy statement should be used by the field when evaluating
the States’ life-cycle cost analysis procedures. Prioritization
and life-cycle cost anziysis are the analytical basis for

" demonstrating that the expenditure of Federal-aid funds are

Jystifiable and cost effective.

A State PMS must include a life-cycle cost-analysis (that is
commensurate with the level of investment and types of preservation
treatments) for candidate projects in order to compare alternative
treatments and strategies to produce a cost effective preservation
program that satisfies the goals of the Agency. The life-cycle
cost analysis should be based on the performance prediction and
economic models used in multi-year prioritization. Life-cycle cost
analysis of specific project treatments should consider future
treatments required to maintain the pavement until reconstruction.
Life-cycle cost analysis of network-level strategies requires an
analysis period of at least one complete cycle in the life of the
network, which should be at least 35 years.
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3. Condition Suyrvey Distresses. Pavement condition data are the
foundation for measuring and monitoring: the "health” of the
network; the current and predicted performance of pavements; and
the remaining service 1ife of the network. A PMS condition survey
bridges the “information gap" between general planning data and
detailed design data. Condition data are combined with performance
data, life-cycle cost analysis, and priority factors to develop the
multi-year 1ist of prioritized projects. The type, extent, and
severity of the individual distresses are also used to determine
viable preservation treatments.

The types of distresses that are measured in a pavement condition
survey should be chosen on the basis that they support the
decisions on where, when, and how to preserve the network. A
"sufficiency rating" (commonly used for planning purposes) or a
single distress survey do not constitute a PMS condition survey.
The premise of using either one as a "common denominatpr® does not
provide the engineering detail needed in PMS’s.

4. Condition Survey Samples. The reliability of condition data is
crucial to the credibility of a PMS. The least amount of error
will occur if 100 percent of the pavement is sampled. The
viability of sampling 100 percent is only possible when using
automated survey equipment, such as the equipment that is currently
used to measure roughness, rutting, and faulting. In the absence
of automated equipment, SHA’s customarily measure distress data
using an approximate 10 percent representative sample. That is, a
10 percent sample on each and every mile of the network. This may
somewhat increase or decrease depending on the variability in
pavement condition.

Because of the expanded network coverage of ISTEA (i.e., a total of
936,000 centerline miles of Federal-aid highway), some SHA’s are
exploring cost cutting measures to reduce the added burden of
collecting pavement condition data. Generally, reducing the number
-of distresses or reducing the sample size does not result in real
cost savings because of the increased risk of errors in PMS.
However, SHA’s can achieve real cost savings by reducing the
freguency of the condition surveys. Condition surveys can be
conducted every 2 years instead of every year. Biennial surveys
shauld be supplemented with annual updates for newly improved
sections and when unexpected changes occur caused by either the
environment, loading, premature failures, or accelerated
deterioration.

While these fundamental criteria apply to all Federal-aid highways, we want t
prevent unnecessary data collection and analysis burdens, so please remind PM
practitioners that the level of effort needed to do items 1, 2, and 3 is far
less for lower order roads than for the proposed National Highway System.
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- Date

'NHS PMS SURVEY

‘Question LI(A) applies. to both the NHS and Non-NHS)

I. ORGANIZATION

A
B.

C.

State

FHWA Region

State Staffihg Resources

‘The following Staffihgfinformatjoh-pertains-on]y‘to the staff at the centrat ~

office. It does not apply to district staff or field data collection crews.

1. Does the SHA have a person who is desigriated as the State's PMS Engineer-?

R - Yes No ~ (If no. still provide a name. address. etc. for the point of

contact).

Name
Address

City B ST ipcode PTUSFour

Phone FAX

2

2. [Doges the PMS Enginéer work full time on PMS? Yes No If part-= me.
what percentage is spent.on PMS? = Part-Time Percentage

or
o
D
3V
«Q
't
3
[¢9]

3. Does the PMS Engineer have the full responsibility and author1ty
cevelopment. implementation. and cperation of PMS?  Yes No ..

4. If NO. how is PMS managed?

5. If the PMS engineer has an assistant(s)..staff. or in-house support. 'rcrlate
each position(person’s name). percent time spent on PMS. and a brief descr ol:in
of their primary function(s)  This pertains only to the central office and
excludes condition survey crews.(Add additional names on separate sheet.)

Name Percent Time - Primary Function(s)

a.
D.
C.

"~ IpMS Enginegr is the person who 1s in charge of leading and working on .

'..deveJODTpg.fimp1ément1ﬁg. and operating %hgePMS'on a day-to-day basis.

o

o ‘ : SR ' : Revised 10/20/94
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0. Does the State have an active OMS committee(s)

II.

AL

the PMS? Yes

No

PMS DATABASE

PMS Coverage

or group(s) that guide and update

. _. Provide the positicns(i.e. pavement design.
materials. etc.) of PMS committee(s) members on an attached sheet. -

* Federal-aid Highway Mileage (Centerline)

Covered Not Covered _
NHS “Non NHS NHS | NonNHS Tota]
State B
Local

oY .

Toll Roads

. Inventory Cata

Pavement type
Pavement. width
-~ Shoulder type
Shoulder width
Number of lane
Layer thicknes
Joint spacing
Load transfer:
Subgrade class

WO ~4dO U 5 oMo+

10. Material properties

“11.- Resilient modu
12, DBrainage

13. Other (specify
Project History

1. ConStruct1dn-

2. Rehabilitatjon
3. Mamtenance2 :

Under Considering

Yes
- Development.  In Future
s — — —
ses ___ _ -
ification —_ ::: _
Tus — — —
) — — —_—
fes Under No

Z"Maintenance” refers to preventive maintenance not corrective
maintenance. Corrective maintenance .refers to.pot hole repair, etc.

Development

[
|
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D. Condition Survey L Yés

aal

1 -
P

. Faulting

YU £ LoD =

" Distress .

High speed windshield
survey at .30 to55.mph.. - -

S T T R N

Fully automated.
~ Spectfy equipment:

Ride
Rutting

Zracking _
Surface Friction
Networe - evel
Ceflection

Yes

Under Considerﬁng No Equipment

Oevelopment  In Future

NERE
[T
[T

Under Considering
Cevelopment In Future

Low speed survey’ at
0 -to 10 mph.

“Combiration of high

and low speed.

35mm film viewed at .
d workstation.

Video tape viewed at.
a workstation. .

Distress. Identification
Manual with pictorial -
references used to - .
calibrate extent and
severity.

NO

what is the frequency of condition data,co1ﬁection on the NHS?

In House _
Traffic/Load Data

1- Does the PMS database conta'n . Yes Under  Considering No

a. Annual ESAL's
b. Forecast ESAL's
c. - Cumulative ESAL's

-

How does the State collect the:r condition data?
Contractor(scec:fy)

Development In

2. . Does the PMS have an ESAL flow map that is route specific

Yes 2Uhder Development Considering in Future

Future

?

E}

No

[.  Does the PMS provide IRI or PSR(c1rc1e one) to FHWA HQ for the HPMS sample

Yes - Under Development

°

.~ No

127

Revised
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J. Does the PMS have a relational database?

Yes - Under Development ‘No

K. How much work has‘been'comp1eted in developing the PMS database?
Jevelopment work would include: establishing data files. collecting dita. lecading
data. ariting application programs for analysis. etc.. _

0-25% _ 25-50% __ 50-75% __ 75-100%
III. INVESTMENT ANALYSES - -

A Prioritization

1. Does the PMS office/unit produce a multi-year pribritjzed ?isf of ‘
reccmmended candidate projects(this 1s considered a "first cut” Tist)?.

ves - Under Development” . Mo .
2. What method does’the PMS use to prOduce the multi-year prioritized 11$t of
projects? o )

Yes Under Considering No
‘ , Development In Future
a. ubjective: .

b. Objective'

L. Pr1orjty_Modé1

2 lIncreémental
Benefit Cost-

C 3. Margina1 Cost
Effectiyeness

4. Optimization - _ , S
| Yes - Under  .Considering %o
. N - Development In Future
Linear Programm:ng

Non-Linear Prcgramming
Integer Programming
Dynamic Programming
Other (Specify)

—— . —_—

A

a0 o

3"Subjective”'mdic:'ates thattthe projects were prioritized by individuals
using only personal knowledge of the roads. : -

“"Objective"” means that the projects were prioritized using a repeatable
analytical process. »

Revised 10/20/94
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3. If the answer to question.2(b) is Yes or Under Development who deVQlopedvtEe
software? = In House Contractor(specify) ,

4. .Check the factors used to prioritize projects:

Yes Under Considering No
Cevelepment  In Future '

Distress :
Rice
iraffic
Functional class
Skid
Structural adequacy
Cther (Specify)

NRRRY

LETET
[T

QO —H D Lo T

[ EEET

B. Preservation Treatment
L. Does the PMS assign a preservation treatment to a candidate project?

Yes Under Development No . A e
2. If the answer 'to question 1 is Yes or Under Deve1opment whichvgroUps of
treatments does the PMS tover7 ‘

Yes Under No
e : Development
&. Reconstruction
b.. Rehabilitation
C. Maintenance’

3. what method 1s used to assign a preservatwon treatment to a
candidate project. .
Yes - Under -Coms1der1ng- No
Development = In Future
a. Subjective® ° L

£ . ' 2

b, Objective’

Matrix )
Decision tree
Cost Benefit
Optimization Methoc
listed previously.
Other (Specify)

o £SO

*"Maintenance" refers to prevent:ve maintenance not corrective
ma1ntenance Correctwve ma1ntenance refers to potho]e repair, etc

5 ‘Subjective” 1nd1cates that. the nrOJects were prworwthed Dy 1nd1vwdua‘s
S1ng only personal knowledge of the roads _

ObJect1ve means that the prOJects were pr1or1thed using a repeataol
analytical process. v

L Revised 10/20/94
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If the answer to question 3(

software? In House Contractor(specify)

preservation treatments?

- Yes  Under Development No

——

b) is Yes or Undef'Developmentl who developed tr

. Does the PMS do a 11fe-Cycle cost analysis for the recommended

[f the answer to gquestion 5'is Yes or Under Development. who develeped the
software? In House

Markov Transition

Semi-Markov Transition ___

(specify).

Yes

Contractor(specify)

Pavement Performance Monitoring and Projection

"'1‘

Under

. " Development

“Does the PMS monitor pavem

——

. Does the PMS monitor and,predfc; performance using?

-Considering
In Future

" No

Does}the PMS monitor bavement performance?
Yes Under Development . _No
Check all the pqvémént indices used to monitor pavement performance:
.-Yes Under Considering No°
Development In Future
3. Ride - . . .
5. Distress . . L
¢. Compined I[ndex . ___ _ ___
2. Other (Specify)
Is Toad data (cumulative ESAL's) used to monitor pavement
performance? . . 4 . o
" yes Under Development . Considering.im Future. No
Ddes the PMS generate pavement pérfdrmance curves? |
Yes  Under Development Considering in Future - No
Are the curves developed for?
© Yes  Under Considering No
- Development. In Future
Family of pavements L . L
Each pavement . _ . S

ent performance using another method?
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8. Does the PMS compute the Rema1n1ng Service L1fe of the
network7 :

Yes ~ Under Deve1opment No

I;, he answer to question 8 is Yes or Under Development. who developed the
softaare? In House  Contractor(specify)

IV. ENGINEERING ANALYSIS

L

A Is the performance data in the PMS database used to evaluate either the
accuracy. quality. or the cost effectiveness for:

Yes " Under Considering No
Development In Future

1. New payement design procedures
2. Qverlay ceswgn procedures
3. Rehabilitation. technwoues ) 3
4. Materials - . :
5. -Cohstruction-, -+
6. Preventive mawntenance
7.7 Mix.designs
.8 -Other (Specify)
V. PRODUCTS

=]

<A, Is the PMS's muiti-year prnor1t1zed Tist of recommended progects used as Tnput
- in the development of the State's:
Yes Under No
_ Cevelopment
1. Pavement Preservation
Program

2. Statewide Transportation _
Improvement Program(STIP) -

3. Transportatwon Improvement
~ Program(TIP)

B “Is the PMS's multi-year prioritized list(first cut) compared to the final
approved 1ist of pavement preservation projects for reasonab1eness7

'Yes : Under Development . Considering in Future _ - No

VIffoPDATE

" Does the SHA annua]]y eva]uate and update the PMS re]at1ve to the agency $ poT1c1es
engineering criteria, practices. experience.. and current 1nformat1on7

Yes- Under Development No
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Subject:

From:

To:

Q Memorandum

US.Department
of Transporkation

Federal Highway
Administration

INFORMATION: OIG Final Report on the  Dat: July 26, 1994
Audit of Cost Comparison of Asphalt
Versus Concrete Pavement

Reply to
Rodney E. Slater Cg; Atn.of:  HMS=-11
Adnministrator v ’

The Honorable A. Mary Schiavo
Inspector General (JA-1)

We have completed our review of the final report on the Audit of
Cost Comparison of Asphalt Versus Concrete Pavement in Region 4.
Your transmittal memorandum requested that we reconsider our
nonconcurrences with your recommendations and provide specific
target dates and further clarification where we have agreed to
corrective actions.

our specific comments relative to each recommendation are
contained in the attachment to this memorandum. For
clarification, we have included our responses to the draft
report, as well as a summary of the OIG comments on those
responses in the attachment.

our further review of the report reveals a fundamental
philosophical difference in our approach to administering the
Federal-aid highway program. This difference is specifically
stated in the report's synopsis, alluded to in the report itself,
and incorporated into many of the report's recommendations.

The philosophical difference is clearly articulated in the
statement on page iv which reads as follows: ". . .the
continuing problem with FHWA's traditional strategy of

facilitating, rather than mandating . . . ." The report suggests
that the FHWA needs to alter its operational relationship with

State highway agencies (SHA) and adopt, as we interpret it, a
strategy that is inconsistent with this Administration's approach
toward customer service and minimizing mandates. We find this to
be totally unacceptable and continue to nonconcur with that
premise and in all recommendations in the report that would lead
the FHWA in that direction.

The FHWA's basic philosophy of “facilitating, rather than
mandating" is based upon the fact that the Federal-aid highway
program is a federally assisted State program. The FHWA must
administer it in that light. The Federal-aid highway program is
fundamentally a formula allocated program. With finite
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allocations, SHAs are independently under intense fiscal pressure
to assure the most efficient use of all highway dollars, whether
they are Federal, State, or local dollars.

The FHWA's fostering of a cooperative partnership approach has
served FHWA, the States, and the Nation well since its inception.
This partnership approach was strengthened by the passage of the
Intermodal Surface Transportation Efficiency Act of 1991. The
FHWA continues to lock toward bettering, not dismantling, this
relationship in the future.

In response to the specific recommendations contained in the
report, among other things, we have attached specific
clarification and timetables for life-cycle cost analysis (LCCA)
and pavement design activities as you requested. The FHWA
believes that it is important to note that we have made
significant progress over the last few years in both of these
areas.

In the area of LCCA, we have reviewed the recent 1993 American
Association of State Highway and Transportation Officials
(AASHTO) survey of SHA applications of LCCA, conducted an
FHWA/AASHTO symposium on LCCA in December 1993, and plan to
publish an interim policy statement on LCCA. This policy
statement will include recommendations on minimum analysis
periods to be used and references Office of Management and Budget
Circular A-94 for guidance on the selection of appropriate
discount rates. The goal of this policy statement is to clearly
define the FHWA's position on some of the more important
components of LCCA, including analysis period, discount rate, and
user costs. We intend to publish this policy statement in early
summer.

It is important to note that we are making significant progress
in this area and will be in a better position to further
determine our course as current efforts evolve.

The same is true in the area of assuring high gquality,
cost-effective highway pavement design, construction,
maintenance, and preservation. The new December 1993 Pavement
Management System (PMS) regulation requires SHAs to develop
comprehensive coordinated systems to effectively manage pavement
to address current and evolving long-term pavement needs. It
also broadens the pavement design requirements to include an
analysis of the entire pavement structure (subgrade, subbase,
base, and pavemerit). The reqgulation specifically requires that
pavement design analysis consider life-cycle costs.

The FHWA intends to rewrite its Federal-Aid Policy Guide (FAPG)
on pavement design to better track with the recently revised PMS
regulation by the end of this calendar year. The revised FAPG,
in conjunction with the new PMS regqulation, will provide
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significantly more definitive guidance on pavement design. As
noted in our earlier response, the FHWA agreed to direct its
regional pavement engineers to participate with the divisions in
pavement design and management reviews in each State during the
next 2 years. Headquarters pavement engineers will participate
in at least one of these reviews per region.

Further, we continue to stand by our original position, as stated
in our September 2 memorandum, that the audit report does not
support a finding of a material internal control weakness.

We appreciate the opportunity to comment on this draft report
concerning the Audit of Cost Comparison of Asphalt Versus
Concrete Pavement in Region 4.

2 Attachments
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() Memorandum

US. Department
of Transporiation

Federal Highway
Administration

Subject  INFORMATION: Proposed Final Interstate cae.  SEP 21 1994
Maintenance Fund Transfer Policy

Reply to ,
From  Director, Office of Engineering Attn of HNG-42

To:  Regional Administrators

Attached is a copy of the FHWA’s proposed final policy statement on Interstate
Maintenance Fund Transfers, which was published in the Federal Register on
Friday, September 2. It addresses criteria relating to the decisions on
adequate maintenance of the Interstate System for purposes of the Interstate
Maintenance Program Transfer provisions of Title 23, United States Code,
Section 119(f)(1). It is a proposed replacement for the Interim Maintenance
Fund Transfer Policy, published at 58 Federal Register 12229, on

March 3, 1993. ’

The proposed final policy statement would add safety and geometric criteria
not originally proposed in the interim policy, and modify the existing
criteria for pavements. Modifications to the pavement criteria would

change the IRI criteria from 240 cm/km (150 inches/mile) to 200 cm/km

(127 inches/mile), modify the faulting criteria to reflect a faulting rate
of 525 mm/km (33 inches/mile) for both plain and reinforced jointed concrete
pavements, and add a surface friction related criteria.

We have reopened the docket and will be accepting written public comments
until November 1, 1994. We would appreciate it if FHWA field offices would
adhere to that date in submitting any comments. Please note, that until we
publish a final policy statement, the interim Interstate Fund Transfer Policy,
published in the Federal Register on March 3, 1993, is still in effect and
governs Interstate Maintenance Fund Transfer requests.

The Pavement Division continues to coordinate this effort for the Office of

Engineering. Please direct any questions relating to this policy and/or its
implementation to Mr. John Hallin. He can be reached at (202) 366-1323.

L LA

. William A. Weseman

Attachment

Nu (gh]:; :d"l;he przposed ﬁnal policy statement proposes changes to agency policy and has been
pt ed to gather Publlc comment. Until the statement becomes final the interim policy
statement will prevail for transfer of interstate maintenance program funds.

14.1
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Federal Highway Administration
[FHWA Docket No. 83—10] )

Transfer of Interstate Maintenance
Program Funds

AGENCY: Federal Highway
Administration (FHWA), DOT.

ACTION: Proposed final policy statement;
requests for comments.

SUMMARY: This proposed final policy
statement sets forth the FHWA'’s pohcy
for addressing the interstate
maintenance p funds transfer
provisions of 23 U.S.C. 119({)(1). The
criteria for determining what constitutes
adequate maintenance, which are
included in this policy, are associated
with only the transfer of Interstate
Maintenance (IM) funds and are not
related to the State’s responsibility to-
properly maintain projects constrycted
with Federal-aid funds outlined in 23
U.S.C. 118, Maintenance.

DATES: Comments must be received on .
or before November 1, 1994.
ADDRESSES: Submit written, signed ~
comments concerning this policy

statement to FHWA Docket No. 93-10, -

Federal Highway Administration, Room

4232, HCC-10, Office of the Chief .- -

Counsel, 400 Seventh Street, SW., .
Washington, DC 20530. All comments
received will be available for
examination at the above address
between 8:30 a.m. and 3:30 p.m., et,,
Monday through Fnday, except Federal
holidays.

FOR FURTHER NFOR“ATION CWTACP Mr.
John Hallin, Chief, Pavement Design .
and Rehabilitation Branch, {202) 366-
1323, or Ms. Vivian Philbin, Attorney-
Advisor, Office of Chief Counsel.
General Law Branch, (202} 366-0780,
Federal Highway Administration, 400
Seventh Street SW., Washmgton DC
20590.

SUPPLEMENTARY XNFORMATION :

Background

On March 3, 1993, the FHWA
published an interim policy statement .
on the transfer of Interstate maintenance

program funds at 58 FR 12299, aird

provided a 60-day public comment
period which closed on May 3, 1993.
During the interveaing period, FHWA
has evaluated the comments and =~ -
reconsidered its initial position. Asa
result, tha FHWA is proposing to
modify the pavement roughness and -
faulting criteria and to add additional
criteria that were-not proposed in the:
interim

A totafo of 18 State highway agencies
(SHASs) and the Highway User :
Federation for Safety and Mobility: . _

1.43

(HUFSAMY}, a public interest group,
provided written comments to the
docket established for the interim policy
statement.

The SHA comments ranged from
administrative type questions, such as
requests for clarification of
measurement procedures and use of
existing pavement management system.
data, to fundamental positions on the
individual indicators and the specific
established criteria. Some SHAs
endorsed various portions of the criteria
established, while others took exception
to part ar all of the criteria.

The HUFSAM strongly endorsed the
interim policy. It stressed the need to
assure that the Interstate Systsm be
maintained at a very high level and
noted that, from its studies, nationwide,
the Interstate maintenance funding
levels are inadequate.

" After evaluating the comments
received, the FHWA continues to
believe that transfers of apportioned IM.
funds specifically earmarked for
Interstate maintenance to cther
designated programs should ba.-
permitted only when the Interstate
System routes are in a physical;.
operational, and safe condition ind

. perform at or near the leve! for which

they were designed, and constructed.
Because pavement and bridge activities.
constitute the major cost items of IM
eligible activities, the interim policy .
focused on pavement and bridge
condition indicators as the determining,
factors for eligibility to transfer IM
funds. Other essential elements,
necessary to maintain the physical and
operational integrity of the Interstate.
must also be considered in
transportation decisions. Respoases to
the interim policy, however, indicats a
concern that other essential elements
need not be considered in transfer
decisions. This was not the intent of the

- interim policy statemnent.

Section 101(a) of Title 23 U.S.C.
defines ‘“maintenance’ to mean the
preservation of the eatire highway,
including sarface, shoulders, roadside,
structures, and such traffic control
devices as are necessary for its safs and
efficient utilization. As the IM program .
now provides the major resources for -
rehabilitation, resurfacing, and.
restoration (3R]} work on the Interstate:
System, extending the service life of all -
major camponents and enharncing
highway safety ont the system should
receive first priority for IM fund use. For
examptie, over 25 percent of the projects
and approximately 10 percent of funds
from the IM program are currently being
expended on traffic and safety
improvement projects. The FHWA



45748

Federal Register / Vol. 59, No. 170 / Friday, September 2, 1994 / Notices

supports a continued strong emphasis
on safety.

In a sampling of SHA pavement
management systems conducted during
the past year, the FHWA found that the
pavement condition indicators .
established in the interim policy are
generally collected and used by the
States in evaluating the condition of the
Interstate for their own rmanagement
purposes. While the data collection and
reporting procedures differ somewhat,
the fundamental indicators are
consistently used by the SHA's to
manage their Interstate pavements.

The proposed final policy includes
the original pavement and bridge
condition indicators established in the
interim policy and adds pavement
surface friction as a fourth pavement
condition indicator. However, the
roughness criteria has been modified
and the separate faulting criteria for
jointed plain and joint reinforced
concrete pavement (JPCP and JRCP) has
been replaced with a single criterion of
525 mm/km (33 inches/mile) for both
jointed pavement types.

In addition to these interim factors,
this proposed final policy statement
. adds criteria for the additional traffic
" and safety related indicators of (1) safety
appurtenances, (2} traffic control
devices, and (3) geometric elements.
These indicators are equally critical to
the Interstate System which relies
heavily on the availability of IM funds
for continued adequacy. Maintenance of
the Interstate System's operational as
‘well as physical characteristicsina
satisfactory manner remains the first
priority for the use of these funds.

Comments Received

This section addresses specific SHA
comments organized around the criteria
established for each of the individual
condition indicators.

Pavement Roughness

Three SHAs suggested that the
International Roughness Index (IRI),
developed at the International Road
Roughness Experiment, is not the
appropriate measure of rideability. The
FHWA recognizes that IRI does have
some limitations. It does, however,

-provide a common quantitative basis
with which to reference the different
measures of roughness. Further, it is
currently collected by SHAs and
provided to FHWA under the Highway
Performance Monitoring System
(HPMS) submission requirements.
Although the FHWA is open to use of
improved pavement surface rideability
measures, until such time that improved
measures and equipment to measure
them are accepted and readily available

to SHA's, the FHWA will continue to.
rely on IR] as the ride indicator.

Four SHAs commented that the
specific IRI criteria of 240 an/km (150
inches’niile) was too severe. The FHWA
disagrees. The selection of the 240 cm/
km upper limit criteria on pavement
roughness was directly tied to the
FHWA'’s desire to require Interstate
pavement to be in fair or better
condition. The interim policy noted that
initial IRI to pavement serviceability
rating ! (PSR) conversion studies 2
indicated a 240 cm/km IRI is equivalent
to a PSR range of 3.0 to 3.5. Pavements
within this range are classified as fair in
the FHWA's #1992 Highway Statistics” 3
report. Subsequent additional analysis
of the IRI/PSR correlation indicates that
a 240 cm/km IRI more accurately
reflects a much lower PSR range of 2.5
to 2.8 (pavements in this range are
classified as being in poor to mediocre
condition ). Based on this further
analysis, the FHWA has established an
upper limit of allowable IRI of 200 cm/
km (127”/mile). This converts to a PSR
of between 2.8 and 3.2 which is more
consistent with the FHWA'’s original
objective that pavements be in fair or
better condition 5.

Rutting

* Rutting comments were limited to
data collection difficulties and reflected
a degree of uncertainty about what data
collection equipment and procedure -
would be considered acceptable. No
comments were received concerning the
appropriateness of the rutting indicator
or the established criteria. Therefore the
FHWA has retained 15 mm (5/8 inch) as
the upper allowable limit of rutting.
Concerns related to data collection
equipment and procedures are
addressed under “‘Pavement Data
Collection,” later in the preamble.

Faulting

The SHA comments on the faulting
criteria were split evenly; five SHAs

1 The PSR concept was developed at the 1956
American Association of State Highway Officials
(AASHO) roed test to relate the pavement
serviceability index (PSI), computed from - -
objectively measured pavement distress, with
subjective serviceability ratings by panels of road
users.

2Bashar Al-Omari and Michael L Darter,
“Relationships between IRI and PSR: A Report of
the Findings of Pavement Model Enhencements-for
the Highway Performance Monitaring System -

(HPMS],” Transportation Engineering Series No. 69,

University of 1llinois at Urbana Champaign, Report
No. UILU-ENG-92-2013, Septernber 1692. This
document is available for inspection in FHWA -
Docket No. 93-10. S

3FHWA, “Highway Statistics 1992, FHWA-PL~
93-023. A copy of this document is available for
inspection in FHWA Docket No. 93~10. ’

1Ibid.

3 Ibid.
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thought that the faulting criteria were
too restrictive, while five SHAs s

< . i
commented that the criteria were

acceptable. In addition, the HUFSAM.
found the criteria acceptable.

One SHA recommended simplifying
the policy by replacing the separate
faulting criteria for jointed plain and
jointed reinforced concrete pavement
(JPCP and JRCP) with a single faulting
criterion in mm/km (inches/mile) for
both pavement types. A mm/km based
criteria would eliminate the need to take
joint frequency inta account, as the
average allowable faulting per joint
would be directly related to the number
of joints/mile. The FHWA recognizes
the merit in this recommendation and
has replaced the separate faulting
criteria of 3 mm on JPCP and 6 mm on
JRCP with an equivalent maximum
faulting rate of 525 mm/km (33 inches/
mile) for both. This faulting rate is
equivalent to 3 mm per joint on typical

- JPCP with 6 meter (20 foot) joint spacing

and 6 mm per joint on JRCP with 12
meter (40 foot) joint spacing. Because
joint spacing varies between States, the -
allowable faulting per joint wil] differ
from State to State, even though the
faulting rate per km remains cdnstant. _

Administrative—Procedural Tolerance
Limits

The most common comment, recéls .
from seven SHAs, was that the scope-of
the application of the criteria was too
stringent. The crux of the argument was.
that some tolerance limit should be
established to allow a SHA in
substantial compliance to transfer
funds. A common suggestion was that
the FHWA only require that 90 to 95
percent of the Interstate System meet
the criteria before allowing transfer.

The FHWA recognizes that there are

‘continually evolving pavement and

bridge needs and, at any one point in
time, even SHAs with exceptionally-
good pavements might not meet the
criteria on 100 percent of their Interstate
system. The FHWA has already .
provided relief for this situation. The
interim policy specifically allows
transfer when all criteria are not met on’
the Interstate if the work necessary to
correct any deficient segments is
included in the approved State
Transportation Improvement Program,
required by 23 U.S.C. 135({). This relief

. is included in the final policy. The

FHWA beliaeves that allowing a 5 to 10
percent exemption or tolerance would
be unwise, as it wouid allow transfr
money necessary to maintain the
Interstate highway system.
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- Pavement Data Collection

Several SHAs posed comments and
questions on data collection and
reporting procedures. The primary

concern appeared to be whether FHWA |

would require a specific data collection
effort using some standardized
equipment and procedures that would
be different from what is cwrrently used
by the individual SHAs. Further, the
comments included request for
flexibility in summarizing the data.
Several suggested that FHWA should
use whatever SHA PMS data was
available to determine the acceptability
of a certification accompanying a
transfer request.

The FHWA intends to rely primarily
on current surface roughness, rutting,
and faulting information contained in
SHAs PMS database(s) and from -
information reported in HPMS in
evaluating the pavement component of
State certifications accompanying
Interstate maintenam:e fund transfer
requests.

The FHWA recognizes the unriqueness
of each SHA’s PMS and the diversity of
equipment and procedures used by the
SHAS to meet their particular pavement
management needs. The FHWA is not
prescribing new specific uniform data
collection equipment, procedures, -
sampling, or data reduction techniques
to determine compliance with the .
pavement Interstate maintenance
transfer criteria.

Bridges .

Only two SHA’s commented on the
bridge section of the policy. Beth
endorsed the use of the current National
Bridge Inventory (NBI) bridge deck
condition rating (Item 58) as an
indicator and supported the criteria
requirement that bridge decks have a
condition rating of 5 or better. This is
consistent with the long standing use of
a deck rating of less than 5 to determine
a structurally deficient bridge.

Both States also recommended that.

FHWA include the
superstructure and
policy and delete thﬂqqd. osting . .
requirement contamed‘in a interim
policy.

The FHWA ongmall’y consxdered

using superstructure and substructure -
ratings as specific criteria when it
initially developed the interim policy.
" Upon further consideration, FHWA still
supports “load posting'’ criterion which
reflects superstructure and substructure
condition ratings and is also a measure
of potential safety concern.

The need for load posting is'an end
result of applying superstructure and
substructure conditions, along with

other factors, in making load carrying
capacity calculations. Changes in
condition ratings, and therefore, the
load posting, are affected by a reduced
maintenance effort which eventually
leads to continual and long-term
deterioration of bridge elements.

One of the SHAs further
recommended that the FHWA
incorporate failure susceptibility as an .
indicator. Failure susceptibility is not
required nor normally assessed by
States in the course of inspecting
bridges to meet national bridge
inspection standards. As a result, the
FHWA believes it would be
inappropriate to use failure
susceptibility as a nationwide criterion
in the IM fund transfer policy, and has
not included it.

Finally, one SHA recommended that
bridge railing adequacy should be
included in the decision factors. The
FHWA considered including bridge
railing adequacy as indicated by NBL
Itern 36 in the early developmem of
policy criteria. The NBI Item 36 is-a four
segment item that rates bridge railings
for adequate impact strength, and
approach guardrail for adequate vehicle
safety and protection.

The adequacy of bridge rmhngs and
approach guardrail is a serious safety -
concern and should be considered in
the States’ maintenance program as well
asin developxnghxghway safety
projects. - , ) “\).
Bridge Data Collection

The NBI ratings are determinedin. -
accordance with the “Recording and ~
Coding Guide for the Structure - -
Inventory and Appraisal of the Nation’s
Bridges" (Coding Guide) U.S. DOT/
FHWA, December 1988.

" Policy

For the purpose of 23 U.S.C. 119(f)(1),
which provides for transfer of State
apportioned IM funds that are in excess
of a State’s need to the State’s NHS and
STP apportionment, the FHWA will
accept a State’s certification if the
State’s Interstate routes meet the
following criteria:

Pavement:

(1) An IRI of 200 cm per km (127 inches
per mile} or less:

{2) Rutting of 15 mm (5/8 inch) or less on
flexible pavements;

{3) Cumulative faulting of 525 mm perkm
(33 inches/mile) or less on jointed ngid
pavements: and

{4) Surfaces have adequate surface frintmn E

and drainage, based on the State accidents
record system not identifying any locations
with a high incidence of wet weather
accidents.

1.4.5

Bridges:

{1) Bridge decks in ““fair condition" or
better (Coding Guide item 58 rated 5 or
better); and

(2) No load posting required (Coding Guide
item 70 rated 5).

Safety Appurtenances:

Guardrail, bridge rails, safety barriers, and
other safety features including the upstream
ends of all traffic barriers meet (a) the
performance criteria of 23 CFR 625, (b)
acceptable use warrants, and (c) installation
requirements per State standard plans.

Traffic Control Devices:

All major guide, regulatory, and warning
signs meet the minimum size, shape. color,

. format, and message requirements as well as

the day and night legibility and visibility
requirements of the MUTCD and
amendments.

Geometric Elements:

(1) The horizontal and vertical alignment.
and widths of median, traveled way, and
shoulders meet the AASHTO Interstate
Standards, as incorporated in 23 CFR 625, in
effect either at the time of origimalts
construction, major reconstruction; br
inclusion into the Interstate systeméwh:ch
ever was the latest;and. .

(2) Hazardous features {fixed- obyects steep_
sideslopes, etc.) within the clear zone are-
either eliminated, correc(ed or adequately
shielded. .

In the event that the‘éo"ndition. as
reflected by current databases, does.not
meet the required criteria, for'any .
segment of Interstafe, the State’s request
for funding transfer may. not be
approved unless the State certifies that
the deficient segments have either been
subsequently upgraded to meet the
required criteria or that the work
necessary to correct any such deficient
segments is included in the approved
State Transportation Improvement

Program, required by 23 U.S.C. 135(f).

Section 119{f(2) of Title 23, U.S.C.,
allows the States to transfer up to 20
percent of the-apportioned IM funds to
the NHS and STP apportionment based

solely on the request of the States.

(23 U.S.C. 119 and 315; 49 CFR 1. 48(b))
Issued on: August 29, 1994.

Rodney E. Slater, .

Federal Highway Admm;stmtcr.

{FR Doc. 94-21757 Filed 91-34; 8:45 ami

BILLING CODE 4910-22-P
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. NOTE : The proposed final policy statement
proposes changes to agency policy and has
been published to gather public comment.

Until the statement becomes final the interim

policy statement will prevail for transfer of
interstate maintenance program funds.

Federal Highway Administration
[FHWA Docket No. 83—-10]

Transfer of Interstate Maintenancs
Program Funds

AGENCY: Federal Highway
Administration (FHEA), DOT.

ACTION: Interim policy statement.

SUMMARY: This interim policy statement
establishes the FHWA's policy for
addressing the interstate maintenance
program funds transfer provisions of
section 119(f)(1) of title 23, United
States Code (U.S.C.), which was
amended by Section 1009 of the
Intermodal Surface Transportation
Efficiency Act (ISTEA) of 1991. By
publishing this interim policy statement
the FHWA seeks to advise States of the
criteria the agency will use in evaluating
a State's request to transfer interstate
~aintenancs funds, while providing the
ortunity for public comment prior to
_ aing a final policy statement,
DATES: Comments must be received on
or before May 3, 1993. :
ADDRESSES: Submit written, signed
comments concerning this policy
statement to FHWA Docket No. 9310,
Federal Highway Administration, room
4232, HCC-10, Office of the Chief
Counsel, 400 Seventh Street, SW.,
Washington, DC 20590. All comments
received will be available for
examination at the above address
between 8:30 a.m. and 3:30 p.m. e.t,,
Monday through Friday, except legal
Federal holidays.
FOR FURTHER INFORMATION CONTACT: Mr.
Louis Papet, Chief, Pavement Division,
(202) 366-1324, or Mrs. Vivian Philbin,
Attorney Advisor, Office of Chief
Counsel, General Law Branch, (202)
366--0780, Federal Highway
Administration, 400 Seventh Street SW.,
Washingten DC 20590.

SUPPLEMENTARY INFORMATION:

Background

_ Section 1009 of the ISTEA amanded

23 U.S.C. 118 by replacing *Interstata

Qvstemn resurfacing” with the “'Interstate
ntenanca program’’ (IM) Public Law
102-240, section 1009, 105 Stat.

«14, 1833, Section 1009 also

established additional constraints

affecting the States’ options far
transferring a portion of these funds to
the States’ apportionments for other
Federal-aid programs.

Section 119(f}{1), as amended, allows
the transfer of IM funds to other
Federal-aid highway programs provided
the State certifies to the Secretary that:
{1) Any part of the IM funds are in
excess of the needs of the State for
resurfacing, restoring, or rehabilitating
Interstate System routes and (2) that it
is adequately maintaining the Interstate
System, and the Secretary accepts such
certification. Notwithstanding section
119(f)(1), section 118{(f)(2), as amended,
allows the States to “unconditionally”
transfer up to 20 percent of unobligated
IM apportioned funds based solely on
the request of the States.

Further, section 1009(c)(2) of the

ISTEA requires the Secretary to develop «

and make available to the States criteria
for determining what constitutes
adequate maintenance of the Interstate
System for the purposes of section
119()(1) of title 23, United States Code.
The criteria for determining what
constitutes adequate maintenancs,
which are included in this policy, are
associated with only the transfer of IM
funds and are not related to the State’s
responsibility to properly maintain
projects constructed with Federal-aid
funds outlined in 23 U.S.C. 118,
Maintenance.

In developing the specific criteria, the
FHWA believes that transfers of
apportioned IM funds specifically
earmarked for Interstate maintenance to
other designated programs should only
be allowed when the Interstate System
routes are in a physical condition to
perform at or near the level for which
they were designed and intended.

Pavement and bridge activities
constitute the majority of IM eligible
activities. The FHWA has focused on
pavement and bridge condition
indicators as determining factors for .
eligibility to transfer IM funds.

The FHWA has selected Interstate
pavement condition indicators (surface
roughness, rutting, and faulting) and
bridge condition indicators (bridge deck
condition and the need for load posting)

for evaluating State's requests to transfer

IM funds under the provisions of 23
U.S.C. 119(f)(1), Thesa indicators are
collected and used by the States in

_evaluating the condition of the Interstate

for their own management purposes.
They are generally incorporated into
State pavement and bridge management
systems and the national bridge

inventary and highway performance
monitoring system.

1.4.7

Pavement Condition Indicators

Roughness

The FHWA will use the International
Roughness Index (IRI} to evaluate
rcadway roughness, and has set an
upper IRI limit of 240 cm per km (150
inches per mile) for surface roughness.

The IRI was developed at the
International Road Roughness
Experiment sponsored by the World -
Bank and several countries, including
the United States, in Brazil in 1982, It
is designed to provide a common
quantitative basis with which to
reference the different measures of
roughness. It summarizes the
longitudinal surface profile in the wheel
track and simulates the response of one
wheel of a typical passenger car
traveling 80 km per hour (50 miles per
hour) to road rou]ghnass.

The IRI upper limit of 240 cm per km,
selected by the FHWA, is based on
consideration of research sfforts that
relate actual roadways with a known IRI
with the public’s perception of ride
;ﬁmlity. A recent study ! conducted for

e FHWA indicatad that objectively
developed IRI numbers could be ;
mathematically correlated with ¢
subjectively developed pavement
serviceability ratings 2 (PSR} generated
by panels of road users. This work
included mathematical formulas that
allow conversions between IRI readings
and anticipated road user evaluation of
pavement performance (i.e., PSR).

Conversion formulas 3 indicate that an
IR{ of 240 cm per km correlates to a PSR
range of between 3.0 and 3.5, which is
slightly greater than the 2.5 to 3.0 PSR
range associated with terminal
serviceability for Interstate highway
pavements.*

) Bashar Al-Cmart and Michael I. Darter,
“Relationships between (Rl and PSR: A Report of
the Findings of Pavement Model Enhancements for
the Highway Performance Monitoring System
{HPMS),” Transportation Engineering Series No. 89,
University of lllinois at Urbana Champaign, Report
No. UILU-ENG-82-2013, September 1992. This
document is available for inspection in FHWA
Docket No. 93-10.

2The PSR concept was developed at the 1956
American Assoctation of State highway Officials
{AASHO) road test to relate the pavement .
serviceability iadex (PSI), computed from
objectively messured pavement distress, with
subjective serviceability ratings by panels of road
users.

3 Includes convertion formulas developed
inhouse by the State of Maine, for the South
Carolina pavement management systam by PMS
Inc. and the previously mentioned Al-Omari and
Darter research cited in footnote No. 1.

4 The "AASHTO Guide for Design of Pavement
Structures”, AASHTO, 1386 (page 1-8) defines
torminal serviceabilily index as the lowest
acceptable level before resurfacing oz reconstruction
becomes necessary for the particular class of
highway. The AASHTO Guidegoes on to note that

Continued
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Rutting

The FHWA has established 15 mm (%
inch} as the upper allowable limit of
rutting.

The American Association of State
Highway and Transportation Officials
(AASHTQ) Highway Subcommittee on
Construction surveyed State highway
agencies in 1988 on rutting. The surve
revealed that for State maintained roads.
¥4 inch rutting would initiate
rehabilitation in about 35 percent of the
States. An additional 35 percent of the
States indicated that % inch of rutting
would initiate rehebilitation. The
“"Highway Pavement Distress
Identification Manual” (HPDIM) 3
classifies V2 to 1 inch of rutting as
moderate severity.

The FHWA 15 mm {%s inch) criterion
is consistent with the performance
levels expected on the Interstate System.

Faulting

The FHWA has established twao levels
of faulting criteria that are related to
pavement type. The FHWA has
established an upper limit on faulting of
3 mm (Vs inch) on jointed plain concrete
pavements (JPCP), and an upper limit
on faulting of 6 mm (¥4 inch) on jointed
reinforced concrete pavements (JRCP).

Generally, State highway agencies
consider faulting to be objectionable in
the ¥ to ¥z inch range. The HPDIM
classifies faulting between %1s and v
inch as moderats severity. The
"Pavement and Shoulder Maintenance
Performance Guides,” August 1984,
FHWA publication number TS-84-208,
indicates faulting should be repaired at
Ys inch. A copy of TS—84-208 is
available for inspection in FHWA
Docket No. 93-10.

The FHWA selected a lower level of
faulting for JPCP than for JRCP because
JPCP joints occur more frequently. The
levels selected are consistent with the
higher expectation the traveling public
associates with Interstate highways.

Pavement Data

Procedures for developing IR! are
currently well defined in the guidance
provided in the “Highway Performance
Monitoring System (HPMS) Field
Manual,” Appendix J “Roughness
Equipment, Calibration and Data
Collection.” This document is widely
available in planning sections of State

a terminal serviceability index of 2.5 to 3.0 is often
suggested for use in the design of major highways,
A copy of this publication is available for
inspection in FHWA Docket No. 93-10.

* The "Highway Pavement Distress Identification
Manual”, US DOT/FHWA, DOT-FH-11-3178/
NCHRP 1~-18, March, 1979 reprinted February 1988.
This Publication is available for inspection in
FHWA Docket No. 93~10,

highway agencies and the FHWA
division offices and a copy of this
publication is available f%r inspection in
FHWA Dockst No. 93-10. IRl data are
collected annually and reported to the
FHWA under the HPMS program.

The FHWA pavement policy, (23 CFR
part 626) requires each State to have an
operational pavement management
system (PMS) for principal arterials
(which includes the Interstate system)
in place by January 13, 1993.

The FHWA envisions that the States
will assemble necessary pavement
surface roughness, rutting, and faulting
information from data currently
available in the States’ PMS databass(s)
and from information reported in
HPMS.

The FHWA division offices will work
with the States in identifying acceptable
procedures for measuring and compiling
the data available from the States’ PMS,
Data supporting sach State's IM transfer
request will be made available for
inspection by the FHWA.

Bridge Condition Indicators

The FHWA will use the current
national bridge inventory (NBI) bridge
deck condition rating (item 58) and the
rating indicating whether the bridge
requires load posting (item 70) as
indicators of Interstate bridge condition
for purposes of evaluating States’
requests for IM transfer. The NBI ratings
are determined in accordance with the
“Recording and Coding Guide for the
Structure Inventory and Appraisal of the
Nation’s Bridges" (Coding Guide) US
DOT/FHWA, December 1988. A copy of
this publication is available for.
inspection in FHWA Docket No. 93-10.

Bridge Decks

The FHWA will require that bridge
decks have a condition rating (item 58)
of 5 or bettsr,

Bridge decks are rated in item 58 on
a scale of 0 to 9 with a rating of 9
representing a bridge deck in excellent
condition. A Coding Guide deck rating
of less than 5 indicates a poor condition
with the deck showing deterioration and
spalling. In relation to pavement
roughness, a deck with a rating less than
5 is considered a rough deck that would
not provide a reasonably smooth ride. A
deck rating of less than § is a long-
standing condition rating used to
determine a structurally deficient
bridge.

"

Posting

The FHWA will require that NBI item
70, for load posting, must be a rating of
5

"The National Bridge Inspection
Standards (23 CFR part 650, subpart C}

require the posting of load limits only
if the maximum legal load in a State
produces stresses in excess of the
operating stress levels. The operating
stress level will result from the absolute
maximum permissible load to which a
bridge may be subjected. Coding Guide
item 70 of the NBI is the item for bridge
posting, and a State’s rating of 5
indicates that no posting is required at
the operating level.

Load posting of a bridge reducss the
level of service of the system of which
the bridge is an integral part and can
potentially disrupt interstate and
intrastate commercs. Heavy vehicles
may be required to take long detour
routes thereby indirectly adding to the
costs the public must bear for goods and
services. Load posting of a bridge may
also be an indicator of a bridge’s
superstructurs or substructure capacity
that may have been affected by :
continual and long term deterioration of
the bridge’s elements and which could
have been prevented or abated by
adequate preventive maintenance.

Policy

For the purpose of 23 U.S.C. 118{f)(1),
which provides for transfer of IM funds
apportioned to the States, the FHWA
will accept a State’s certification if the
State’s Interstate routes meet ths
following criteria:

Pavement - .

(1) An IRI of 240 cm per km (150
inches per mils) or less;

(2) Rutting of 15 mm (5/8 inch) or
less; and

(3) Faulting of 3 mm (1/8 inch) or less
on JPCP and 6 mm (1/4 inch) or less on
JRCP.

Bridges

(1) Bridge decks in "“fair condition” or
better (Coding Guide item 58 rated 5 or
better); and

(2) No load posting required (Coding
Guide item 70 rated 5).

In the event that the condition, as
reflected by current condition data
bases, for any segment of Interstate
pavement or bridge does not meet the
required criteria, the State's request for
funding transfer may later be approved
only if the State certifies that the
deficient segments have been
subsequently upgraded to mest the
raquired criteria or that the work
necessary to correct any such deficient
segments is included in the approved
State Transportation Improvement
Program, required by 23 U.8.C. 135(f).

Section 119(f)(2) of title 23 U.S.C.
allows the States to ‘‘unconditionally”
transfer up to 20 percent of unobligated

M apportioned funds based solely on
the request of the States.

Authority: 23 U.S.C. 119 and 315; 48 CFR

1.48(b).
1ssued on: Pebruary 24, 1993.

E. Dean Carlson,

Executive Director, Federal Highway
Administration.

{FR Doc. 93—43809 Filed 3-2-93; 8:45 am}
BILUNG CODE 4910-22-4
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ACTION: Life-Cycte Cost Analysis _ bae  SEP |5 Q@

Repiy to

Chairman, PMCG Atnn ot HNG-42
PMCG Members (See Attached List)

A Life-Cycle Costing (LCC) Task Force has been formed in response to LCC
interest expressed by the FHWA Research and Development Executive Board at its
1991-92 winter meeting. The Task Force consists of representatives from the
Associate Administrators for Policy (HPP-12), Research (HNR-20), Program
Development (HNG-42), Motor Carrier (HIA-20), and Administration (HCP-22).

The Task Force mission is to develop recommendations for the Research and
Development Executive Board on appropriate ways to incorporate LCC analysis
into the Federal-aid highway program, as well as the necessary LCC research,
development, and training needs.

Attached for your review and comments is a draft of the Task Force’s
preliminary study paper, "Life-Cycle Costing and Life-Cycle Cost Analysis:
Applications Within FHWA and The Federal-aid Highway Program.”™ We are
scheduling a presentation and discussion period of the Task Force’s initial
effort at the next PMCG meeting. We are seeking PMCG reaction, input and
suggestion for improvement necessary to obtain PMCG endorsement of a course of
action prior to presenting the task force findings to the Executive Research
Review Board on October 22.

We would appreciate receiving your comments by September 28. Mr. Jim Walls
has been designated to coordinate this effort and is available to address any
questions you may have or clarify any proposals contained in the preliminary
study. Mr. Walls can be reached at 366-1339.

-~

_///;4;Eif%fziﬁ;"‘
— Louis M. Papet
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Task Force Members:

Jim Walls HNG-42 (Pavements)

Byron Lord HNR-20 (Research)

Walt Manning HPP-12 (Policy)

Dennis Miller HIA-10 (Motor Carrier)

Frank Waltos HCP-32 (Contracts and Procurement)
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Executive Summary

In response to interest expressed by the FHWA Research and Development Executive
Board in Life-Cycle Costing (LCC), the Pavement Management Coordinating Group
(PMCC) established an internal LCC Task Force consisting of representatives from
the major affected- Associate Administrators. The Task Force was specifically
charged with developing recommendations on appropriate LCC research needs.

Fundamental to accomplishing its primary tasking, the Task Force had to first
identify current and potential FHWA LCC applications along with some fundamental
policy implications. The Task Force also looked at the LCC implication of the
ISTEA. This paper includes the Task Force’s preliminary efforts in this area.

In terms of its specific tasking on LCC research needs, this paper identifies
relevant LCC issues and limitations. It Tays out research approach options and
a plan of action.

Based on its initial efforts, the Task Force proposes two separate but concurrent
LCC efforts; an internal LCC policy development effort and a two-phase LCC
contract research effort. The policy development effort, although internally
directed, would most likely require some outside contractor support.

Under Phase I of the contract research effort, FHWA would contract with several
companies to provide inter-disciplinary teams to define and clarify LCC issues
and necessary research. Phase [ work would include development of detailed work
plans that address the identified LCC research needs. Under Phase II, FHWA would
continue to fund a more limited number of multi-disciplinary research teams to
actually conduct the more promising research activities identified in Phase 1.

The resuits of this proposed multi-phase research effort and the internal policy
development effort would eventually be digested into FHWA guidance on LCC. This
final step would most likely be done with in-house staff using consultant
support.

The Task Force stresses from the onset that the outputs of life-cycle cost
analysis (LCCA) are not decisions in themselves; but rather inputs into the
decision making process.

A draft copy of this paper was circulated to the PMCG and discussed at the last
July 14 PMCG meeting. The draft paper has been revised to incorporate their
views and comments.

The Task Force at this point has not made contact with any of FHWA's partners
and/or customers. Consistent with FHWA’s outreach program, the Task Force
suggests that appropriate outside groups be contacted before research funding
decisions are made. Groups such as the American Trucking Association and the
Association of American Railroads have conducted research in this area and are
1ikely to have a keen interest in FHWA’s efforts. Industry groups such as NAPA,
Al, PCA, plus ARTBA would also be interested.
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Introduction

A Life-Cycle Costing (LCC) Task Force was formed by Mr. Louis Papet, Chairman of
the PMCG, in response to LCC interest expressed by the Research and Development
Executive Board at its 1991 - 92 winter meeting. The Task Force is composed of
representatives from the Associate Administrators for Policy (HPP-12), Research
(HNR-20), Program Development (HNG-42), Motor .Carrier (HIA-20), and
Administration (HCP-22). Specific Task Force members include:

Jim Walls HNG-42 (Office of Engineering, Pavements Division)

Byron Lord HNR-20 (Office of Engineering, Highway Operations
Research and Development, Pavements Division)

Walt Manning HPP-12 (Office of Policy Development, Transportation
Studies Division)

Dennis Miller HIA-10 (Motor Carrier)

Frank Waltos HCP-32 (Office of Contracts end Procurement
Research and Special Programs Division)

The Task Force mission is to develop recommendations for the FHWA Research and
Development Executive Board on appropriate ways to incorporate LCC analysis into
the Federal-aid highway program, as well as the necessary LCC research,
development, and training needs. '

This study paper first defines LCC, LCC analysis, and cost effectiveness. It
then discusses potential LCC applications with their implications. This
discussion is followed by a summary of current policies and a look at new LCC
mandates. General LCC technical and policy related issues and limitations are
then discussed. In the closing sections, the paper discusses potential
approaches to determining and conducting needed research and training necessary
to implement LCCA, and finally, the last section presents recommendations on the
preferred course of action. '

Definitions

Current literature loosely defines liTe-cycle costing/life-cycle cost analysis
as a form of economic analysis which focuses attention on determining the longer
term economic implications of alternative strategies rather than merely the
initial or front end costs of the immediate decision at hand. It is a tool that
can be used to assist in making economically prudent long-term expenditure
decisions, i.e., cost-effective investment decisions.

The Task Force believes the terms "life-cycle costing” and "life-cycle cost
analysis" are synonymous. However, life-cycle cost analysis is more descriptive
of the inherent analytical process and, as a result, the remainder of this paper
uses the term life-cycle cost analysis (LCCA).
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A related term, cost effectiveness, also has bearing in terms of FHWA Policy.
. Cost effectiveness is an economic related measure (generally a ratio) that
describes how well an alternative meets a performance type objective in. relation
to the cost of achieving that performance. The cost component of cost-
effectiveness measures .should generally reflect 1ife-cycle cost. The
attractiveness of using cost-effectiveness measures is based on its ability to
tie cost to performance. For example, a cost-effective measure in the safety
area might be cost/accident reduced. In terms of pavements, it could be cost per
ESAL carried until terminal serviceability is reached.

As well as defining what LCCA and cost effectiveness are, it is equally important
to define what they are not. The Task Force stresses from the onset that the
outputs of life-cycle cost analysis are not decisions in themselves; but rather
inputs into the decisionmaking process. '

CC Applications

The Task Force sees two distinct areas where LCCA could be applied within FHWA,
i.e., internal and external applications. ,The FHWA can use internal applications
to support decisionmaking at the national level. External applications are those
related to the Federal-aid highway program. Within each area there are multiple
application possibilities.

In terms of the Federal-aid highway program, there are several potential decision’
levels where highway agencies could-apply LCCA. These decision levels include
but are not necessarily limited to: ~

State Network Analysis - To evaluate total funding needs and to
determine resource allocation levels for the various systems, project
categories, or improvement types in relation to established system
wide performance goals. The LCCA can also be incorporated into the
various management systems required by the ISTEA.

Project Prioritization - To Compare the merits of funding one project
in lieu of another.

Pavement Design - To assist in pavement type selection and to
evaluate the marginal rate of return for providing premium in lieu of
standard pavements. '

Materials Specifications - To compare the use of imported premium
aggregate versus lower quality, but locally available aggregate.

Total Quality Management - To evaluate the long-term impact of
increased attention to quality control. For example, increased
expenditure for research and testing equipment may quickly pay for
itself. '

Operational Analysis - To evaluate catch basin clean out policy, the

type and application rates of de-icing chemicals, use of cathodic
protection, etc. '
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_ Current LCC Policy -

Internally, the FHWA already incorporates cost-effective considerations in terms
of national level policy development and analysis of alternate investment
strategies. The Associate Administrator for Policy incorporates many aspects
of life-cycle .costing analysis during development of the biennial report to
Congress, "Status-of the Nations Highway and Bridges.” Some LCC principles have
been and more will be included in cost allocation 'studies and in developing and
evaluating legislative proposals. :

Externally, the FHWA does not specifically require State highway agencies (SHA)
to conduct life-cycle costing or economic analysis in support of either program
or project level decisions as a precondition for federal-aid funding. This is
not true for other US DOT Modal Administrations. '

The Federal Transit Administration (FTA) requires development of cost-
effectiveness measures based on life-cycle cost analysis in support of grant
applications for Section 3 discretionary money. This requirement, called an
Alternatives Analysis, must be conducted by applicants at the Draft EIS stage,
and the results must be included in the Draft EIS. This Alternatives Analysis
requirement has been in place for many years, and the FTA has developed and
published specific procedural guidelines on how to conduct it.

In contrast, the FHWA has administered a formula based rather than a-
discretionary program and has encouraged rather than mandated LCCA in the State
and local decisionmaking process affecting Federal-aid highway funds. While FHWA
will continue to administer a predominately formula based program, FHWA now
administers some discretionary programs. The LCC would appear to have a more
substantive roll in discretionary programs.

The FHWA, in its pavement policy, requires SHA’s to have a pavement management
systems (PMS). In that policy, FHWA defines PMS as a set of tools for finding
cost-effective strategies.

At its March 8-10 meeting, the Research-and Technology Coordinating Committee
developed comments on the FHWA R&T program. Among other comments, the committee
noted that, ". . . the lack of attention to life-cycle costs and benefits is a
major impediment to the utilization of highway related technologies. Particular
effort should be made in the research program to develop novel, user-friendly,
and robust methods and tools for life-cycle costing”

1STEA LCC Provisions

The Intermodal Surface Transportation Efficiency Act (ISTEA) of 1991 specifically
addresses LCC under sections 134(f)(12) and 135(c)(20). These sections require
that the metropolitan and statewide planning processes incorporate consideration
of several factors including "the use of life-cycle costs in the design and
engineering of bridges, tunnels, or pavement.”

Cost effectiveness is referenced in section 119, "Interstate Maiﬁtenance

Program.” Under subsection 4, it establishes eligibility when a *State can
demonstrate . . . that such activities are a cost- effective means . . ." '
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"The ISTEA also addresses LCCA in FTA’s Section 3(1) program. The revisions both
. weaken and strengthen the application of LCC in FTA‘s Alternative Analysis.
While the legislation specifically exempts certain metropolitan areas from
Alternatives Analysis requirements, it strengthened the Alternative Analysis
requirements in non exempted areas. ,

One aspect of the. ISTEA that presents somewhat of a dilemma for LCCA is the
requirement to develop and implement several management systems. While current
experience reveals that PMS’s can be used to foster systematic decisions based
on life-cycle costs, few if any, explicitly incorporate user costs or the time
value of money. Most focus on maximizing performance .based on fixed budgets.
Even in those highway agencies that have PMS’s in which budget .level and
performance impact are directly related, the systems have little to do with
ultimate budget decisions.

CC Analysis ue

- Each LCCA application will, to varying degrees, have its own specific LCC issues.
However, some of the more obvious fundamental issues include determining:

(a) the appropriate 1ife cycle and analysis periods
(b) the alternatives that should be included

(c) the performance histories of the alternatives
(d) the cost factors to be included

(e) the actual costs of the various cost factors
(f) the appropriate discount rate

Procedural issues are also a concern. It include concerns over how:

(a) inflation is addressed? :

(b) sensitive the results are to the discount rate?
(¢c) performance history variations are addressed?

(d) Agency Costs and User Costs are incorporated?

(e) SHAs can capture and re-invest user cost savings?

Technical, Policy and Procedural !ssqes and Limitations

Legitimate Subjective Inputs

Being a form of economic analysis, LCCA has all the strengths, weaknesses, and
lTimitations of traditional economic analysis. Foremost among the weaknesses is
the fact that LCCA includes many technical assumptions and policy related
positions which directly influence the outcome of such analysis. The assumptions
and policy inputs necessary to conduct an analysis can be very subjective and
highly susceptible to criticism from all parties impacted by the analysis.

- Technical assumptions and policy inputs must be clearly identified along with
supporting rational. Rational limits or acceptable ranges should be established
for technical inputs and policy related assumptions. Sensitivity analysis should
be conducted within the acceptable ranges to evaluate the influence of the
parameter being considered. '
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rnative Developmen

Another important LCC issue is assuring consideration of a broad.range of
alternatives. The LCCA cannot be used to evaluate the economic wisdom of a
particular alternative in and of itself. It can.only evaluate the relative
merits between alternatives. As such, incorporating all viable alternatives is
essential.  This- should include promising new approaches and technology.
Unfortunately, estimating the performance lives of alternatives, is at best, both
an art and a science even when historical data is available. Untried but
promising alternatives inherently incorporate greater risk than the tried and
true. This additional risk has to be addressed. . '

Private industry incorporates risk through the selection of appropriate discount
rates. Riskier projects (investments) require prospects of greater (generally

3-5% more) return. The SHA efforts in developing PM Systems and SHRP LTPP
research will develop a better understanding of pavement performance
relationships and should help in reducing risk.

Performan uivalen

Implicit in economic analysis is the assumption that performance differences
between alternatives can be clearly defined, captured, and reflected in the
analytical results. While this is true for some aspects, it is not always the
case. All alternatives which have the same "useful life," in terms of either
years ?r 1$adings, do not necessarily provide equivalent performance over that
"useful life."

For example, two competing pavement rehabilitation alternatives with the same
pavement 1ife, may very well deteriorate differently. If this is the case, then
they will provide different levels of service over their useful lives, even if
they reach the same terminal serviceability at the same time (see figure 1).

| Alternative A

3 Alternative B
“(Terminal Serviceability Index)” ~ ~ ~~_ . — 77
2 -
1 -
|
!
0 T \ T T T

: | 1
2 4 6 8 10 12 . 14 16 18 20
Time/ESALS -->
Figure 1 Pavement Performance Histories
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Non-costable and Non-guantifiable -

In any economic analysis, there are, generally speaking, non- costable and non-
guantifiable elements that, none-the-less, need to be considered in the decision
making process. The how and the degree to which the non-costable and non-
quantifiable elements are -addressed is a major issue. While broader scope
analysis are more complete, they are not necessarily more accurate.

The degree to which current and future costs and benefits can be accurately
estimated severely 1limit the ability of LCCA to distinguish between of
alternatives when LCCA reveals 1ittle economic difference. When LCCA results are
relatively close (within 10-20% of one another) relative risk and other
considerations take on greater significance.

User Costs

_Highway user costs, particularly travel time or delay cost, have been
controversial. While they may be difficult to quantify and price, construction
imposed traffic delays have become, and are likely to continue to be, an ever
increasing burden imposed on the public. ‘

Currently, highway agencies have 1ittle economic incentive to select alternatives
that minimize total (agency plus user) LCC. The alternative with the lowest
total life-cycle cost may well be the one that has the Towest user cost but, at
the same time, the highest agency cost. Because there are no readily available
mechanisms for highway agencies to transform reductions in user costs to
additional highway investment capital, the current system encourages highway
agencies to minimize agency rather than total costs. This tends to result in
significant sub-optimization of total possible benefits. =~ -~ = =
This issue is addressed to some extent by requiring full maintenance of traffic
on heavily traveled routes. Highway agencies are already paying a premium on
certain projects for 1imiting the contractors hours of operation and/or elaborate
traffic detours. Highway agencies need to anticipate this trend and incorporate
higher future rehabilitation cost in current life-cycle cost analysis.

Marginal Costs -

The LCCA is generally used as a means of determining the most economically
efficient (some times the cheapest) project from among a set of alternative that
adequately meet the minimum performance requirements. This may well be short
sighted. Highway agencies need to look at marginal costs, especially when
relatively modest total cost increases make significant differences in
performance and or service lives. Premium pavements may be economically
Jjustified in areas with no alternative routes for maintenance, rehabilitation,
and/or reconstruction activities.

Discount Rate

As a minimum, model LCCA procedures should incorporate the time value of money
and discount future cost and benefits to a common time. As just noted, such
procedures must include internal (highway agency), as well as external (user)
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“costs associated with a highway factlity over its intended useful life. Such
- procedures, however, would have to provide guidance on how to deal with the
highway agency’s inability to capture user cost saving for future reinvestment.

Pr i

To be practical, LCCA must be conducted using procedures that recognize the
policy issues that influence the analysis and explicitly document the policy
positions taken in the analysis. The FHWA does not currently have LCCA
procedural guidelines. If the FHWA intends to use LCCA internally, it needs to
establish procedures governing such applications. If, on the other hand, FHWA
expects to encourage consideration of LCCA in State and local highway agency
decisions affecting Federal-aid highway funds, FHWA will need to establish LCCA
procedural guidelines. From a technical aspect, model procedures should identify
and evaluate all viable alternatives and relevant cost factors. They should
incorporate techniques for developing accurate cost, performance, and service
lives of identified alternatives.

Alternate Approaches

While the Task Force has been able to identify areas where LCCA research would
‘be productive, it believes a more comprehensive look at the entire process as
applies to highway investment decisionmaking is warranted. The Task Force
further believes that integration of the many debatable positions into a cohesive
position on the application of LCC and appropriate guidelines on the conduct of
LCCA within the FHWA program would be much more positive contribution.

The Task Force also looked at developing an in-house working group to review the
Jiterature and identify and conduct the needed research. The Task force believes
FHWA does not have sufficient manpower in the appropriate multi-disciplinary
fields available to make a significant contribution to advancing LCC within FHWA.
LCC embraces many complex issues; some are readily apparent, others are more
subtle. Prior to more active FHWA involvement, endorsement, or technical support
of LCC, FHWA sponsored research is necessary to:

(1) more clearly define, explore, and resolve identified LCC issues;
(2) identify and explore other -important LCC issues not currently
identified; and
(3) develop a comprehensive approach to incorporate the research
~ findings into integrated procedures for the various LCC applications.

Policy Recommendations

The Task Force recommends that FHWA policy explicitly promote the long-term cost-
effective use of Federal funds, both in its internal operations and in the
Federal-aid highway program.

The FHWA should continue to use LCCA and cost-effectiveness considerations in its

internal operations to evaluate the condition and performance trend of the
Nation’s highways, and to determine whether or not we are using resources to the
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-maximum advantage in achieving the national transportation goals. Other internal
applications could include developing and analyzing highway investment policy
developing and evaluating cost allocation studies, and evaluation of cOmpetiné
- 1VHS technologies and other R&D -activities. : : ‘

The FHWA-should increase its efforts to encourage, support, and implement State
and local use of life-cycle cost analysis principles at all decision levels. It
should develop model LCC guidelines, building on extensive existing LCCA
knowledge base including that of State and local highway agencies. The FHWA
should make these LCCA guidelines available to highway agencies and require
consideration of LCC in the Urban and Statewide Planning processes. The FHWA
should also require the development of LCC and cost-effectiveness information as
part of each ISTEA mandated management system.

In response to specific ISTEA LCC requirements, FHWA should focus on program
rather than project specific requirements. The FHWA should provide guidance on
conducting LCCA, require that it be conducted, and ensure that the results are
explicitly considered in the decisionmaking process. It should not become
involved in conducting or reviewing/approving actual LCCA’s conducted by State
and local highway agencies, even on Federal-aid highway program funded projects.

Resea c ati :

In order to move forward with LCCA, FHWA should initiate research and training,
necessary to foster improved LCC analysis at all decision levels.

Because of the financial/economic focus, the research should be conducted by a
multi-disciplinary team that draws on the strengths of economists, financial
analysts, and other appropriate disciplines, as well as the highway engineering
community. - T s (T LTS S U S S UM S .

Because of the enormity and.comp]exify of LCCA and the pervasiveness'bf potential
application opportunities, it will be difficult to formulate a comprehensive
research work plan with existing in-house resources.

The Task force recommends that FHWA pursue a two-phase LCCA contract research
effort as follows: -

Phase I - an innovative exploratory research effort.

Phase Il - a traditional, in depth, detailed research effort
into specific LCCA issue areas identified in phase I.

Phase 1 - Exploratory Research

The exp]orétory research phase would require that selected contractor(s) develop
an inter-disciplinary team acceptable to FHWA that would;

1. Explore policy issues and the implications of various FHWA
courses of action.
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2. Identify specifi¢ LCC research needs associated with the courses
of action identified. ' o ,

3. Develop a detailed work plan and cost proposal that addresses the
specific research needs identified. : '

Because- of the complexity of LCCA, and the relatively inexpensive cost
anticipated for the exploratory research, the Task Force believes it would be
extremely beneficial (i.e., cost effective from a LCC perspective) to fund
multiple research teams for this early stage research. The Task Force envisions
awarding multiple contracts under one primary exploratory research contract. The
exact number of exploratory research contracts to be funded would be based on the
responses received to the request for proposals (RFP).

Phase II - Detajled Research

The Phase II research component is basically designed to carry out the specific
research that will be proposed in the detailed work plans developed by the inter-
disciplinary teams under Phase I. Upon completion of the Phase I exploratory
research, FHWA would evaluate the research team(s) findings and proposed work
plans. At that point, FHWA would decide whether to fund of all or part of the
research activities identified by one or all the exploratory research
contractors. The Task Force envisions the Phase II component would be an option
included in the Phase [ research contract.

On compietion of this proposed two-phase research effort, FHWA will stil]l need
to consolidate the various research teams efforts, produce LCCA guidelines, and
where necessary, develop LCCA policy, technical advisories, and possibly
regulations. The Task Force recommends that the final component would be to
establish appropriate training program(s).

With the concurrence of the Research and Development Executive Board, the Task
Force will establish a LCCA working group to develop an RFP consistent with the
preceding recommendations. Preliminary estimates are that an RFP could be ready
for early FY 93 Funding. Funding for the second phase would not be necessary
until FY 94.
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7 assistance needed to im

Federal Highway Administration
[FHWA Docket No. 94—15)

Lite-Cycie Cost Anaiysis -
AGENCY: Federal Highway
Administration (FHWA), DOT.

ACTION: Interim policy statement;
request for comments.

SUMMARY: This FHWA policy statement
on life-cycle cost analysis (LCCA) helps
fulfill Federal management
responsibilities for analyzing life-cycle
cost aspects of infrastructure investment
decisions under Executive Order 12893,
“Principles of Federal Infrastructure
Investment." The policy statement
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.. setablishes LOCA principles to be -

applied by FHWA in infrastructure
investment analyses, and in evaluating
the adequacy of State highway agency
procadures used in conducting required
LCCA for investments funded through
the Federal-sid highway program. States
and Jocel agencies are expected to apply
these prim:ifal: in evaluating program
and project ] investment decisions
involving Federal-aid highway funds as
required under applicable FHWA

" regulations. Comments are solicited on

potential probiems in implementing
provisions of this policy statement and
specific needs for training and technical

-assistance in LCCA. - -

DATES: This interim policy statement is
effective on July 11, 1994. Comments on
the interim policy statement must be -
received on or before October 11, 1994.
A final LCCA policy statement will be
published that takes into consideration
comments received on this interim
statement. -

ADORESSES: Submit written, signed
comments concerning this interim
policy statement to FHWA Docket No.
94--15, Federal Highway .
Administration, room 4232, HCC-10, -
Office of ths Chief Counse], 400 Seventh
Street, SW., Washington D.C. 20590. In
addition to specific comments on this
requestsd on training and hchnialm
All comments received will bs available
for examination at the above address
between 8:30 a.m. and 3:30 p.m. e.t.
Monday through Friday, except legal
Federal holidays. R

FOR FURTHER INFORMATION CONTACT: Mr.
James W. March, Chief, Systems ’
Anslysis Branch, (202) 366-08237, or Mr.
Steven M. Rochlis, Legislation and
Regulations Division, (202) 366-1395,
Federal Highway Administration, 400
Seventh Street SW., Washington D.C.

20590

SUPPLEMENTARY INFORMATION:

Background

There is an increasing recognition that
total life-cycle costs of highway and '
transportation investrents must be
given greater consideration in all phases
of highway programs. Executive Order
12893, “Principles of Federal
Infrastructure Investment,” requires that
benefits and costs of infrastructure
investment be measured and
appropriately discounted over the full
life cycle of each project. Sections 1024
and 1025 of the Intermodal Surface
Transportation Efficiency Act of 1991
(ISTEA) (Pub. L. 102-240, 105 Stat.
1914, 1877) also require consideration

“of “the use of life-cycle cost in the
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design and engineering of bridges, - =~ adequately consider future costs, improvements with higher initis} costs
nmngenls, or pavement.” Subpart B of the  including user delay-related costs. . in order to achieve :;?ﬁam }ong term
interim fina} rule on implementation of m;mmpg congestion an ?wa;tm savings in overall investment
ISTEA management systems (23 CFR ways in urban sreas and some requirements. It indicats, for
$00.207) requires use of LCCA faor - - areas makes it critical to fully consider insunca.tha!m:::yp!opa:wm
pavement management systems (PMS) life-cycle costs of investment decisions.  reconstruction rather than rehahiditation
and Subpart C(23 CFR500.307) - Safety concemns and suxiliary - strategies, that early intervention with
requires use of LCCA er eamparable construction costs to maintain, preventive maintenance is cost efisctive,
techniques for bridge manegement rehabilitate, or recanstruct congested or that somewbat higher designs ar

 systems (BMS). highways and bridges under trafficare  levels of service may be sppropriate far
Life-cycle cost analysis is an very high. User costs and delays around _ some facilities. The FHWA recognizes

economic evaluation of all current and
future costs associated with investment
alternatives. it is 8 vf:ltuabla economic
analysis ique for evaluating
highwaym transportation
programs and projects that require long-
termo capital and maintenance
expenditures over the extended lives of
facilities. Future costs d::o discounted
using an priate discount rate to
compare mmanmd &t different
points in time. -

Life-cycle cast analysis principles and
techniques are used in many types of
economic analysis to compare bepefits
and costs arising at different points in
time. Benefit-cost analysis and cost
effectiveness analysis, far instance, use
life-cycla cost analysis principles to
discount future benafits and costs of
. investranant alternatives over the Lives of
alternatives being evaluated.
. .Life-cycls cost anslysis is used to
. evaluate programs of psvemnent and

. bridge di:fmvmnu as well as

indivi projecis. It is an important

input to estimates of future funding
requirements and to the development of
improvetnent programs, especially
when there are budget constrainte.

The use of value enginearing is
receiving incressed attention as a
technique for analyzing the functions of
a program, project, system, product, ar
service W identify oppartunities to
significantly lowar costs while still
achieving the essentia} functions. Life-
cycle costs are often analyzed to ensure
that unnecessary costs are avoided by
considering future operations,
mmaintenance, and reconstruction
requirements.

Total life-cycle costa of specific .
facilities may be many times the initial
construction costs when user costs are
considered. It is essential that a long
term perspective be taken in
programming improvements, selecting
among alternative maintenan®e,
rehabilitation, and recanstruction
strategies, and designing pavements,
structures, and other highway elements.
Longer design lives may havetobe .
considered, and traditicoal strategies for
programming maintenance and
rehabilitation activities may bave to be -
reevaluated to determine whether they

work zones in congested areas may be

.even higher and represent significant

inefficiencies that may adversely affect
economic productivity, especially on

.the National Highway Systam (NHS).

These delays can erode productivity -
gains realized by the growing number of
industries using just-in-time and other
advanced logistics strategiss that
depend on efficient and predictable

nmpﬂl tation. L
Regardless of whethar user costs are
inchuded in a formal LCCA, most States
already implicitly consider user costs
when they choose to pay premiums to
maintain traffic through work zones or
design more durable 1s in
urban aress. including user
costs in LCCA makes thess implicit
considerations explicit, and may help
identify other opportunities to reducs
overall agency and user costs.
Recogpition of the high future costs to
maintain and rehabilitats highways,
bridges and tunrnels, and their
associsted traffic control, safety,
environmentsl, and hydraulic
components has led to increased
interest in the potential for LCCA to

improve investment productivity and
public and private costs of
highway and othar transportation

programs. The FHWA and ths American
Association of State Highway and
Transportation Officials {AASHTO)
jointly sponsored a symposium in
December 1993 to learn more gbout
LCCA practices among the States and to
identify research, training, technical
assistance, and policy-related nesds to
improve LCCA application. An
impertant input to that symposium was
an AASHTO survey of State LCCA
precuces
- Many specific LCCA issues and
research needs were identified st the
symposium. Key tachnical issnes
inchuded haw to establish the
appropriate analysis period, how to
value and properly consider uvser costs,
and how to chooss the appropriate
discount rate. Participanis also
identified important ressarch and data
needed to predict pavement and bridge
performance snd forecest future traffic.
An important policy issue raised at
the symposium was the recognitien that
results of LCCA may favor selection of
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that LCCA, thus, may result in proposzais
for greater expenditures up front. At the
same time virtually all tion
agencies will continue to face budgetary
limitations at least over the short term.
Life-cycls cost analysis will help
agencies identify and explain the real
costs borne by transportation users of
inadequate infrastructure funding
Furthermore, LCCA csn assist agenciss
that face fiscal constraints in making the
best use of available funds. Several -
States already use LCCA in developing
network improvement programs as past
of their pavement and bridge .
-mzanagement systems. Eventually it is
desirable far all States to bave such

capabilities. - hs highlight
p
koy‘m'.m:iphsof LOCA prectics.
Appyinsthmmf‘ generally will
allow Siates local agencies to -
investment altarnatives that
will minimize total Costs.
While their use is not mandatory in all
instances, States are strongly
sncoursged to apply these principles in
conducting lifa-cycle cost anaiyses
unless thare are unique characteristics
of particular programs or projects that
requirs principles to be modifisd. Like-
cycle cost of course, is only
one consideration in many investment
decigions, but it certainty is one of the
most important for NHS routes snd
other high volume roeds in light of the
* costs and lost productivity associated
with future maintenance and
rehabilitation actions. .

In general there are no hard and
rules concerning the appropriate length
of the analysis period. The analysts
period will vary depending on the type
of improvement (bridge, versus tunnel,
versus psvement), tha location {urban
versus rural}, the highway system (NHS
versus other), and the design lives of ai -
appropriate aliernatives. In genersl,
longer design lives should be :
considered for improvements oa the
NHS and other high volume urban
roadways becsuse future agency and -
user costs associsted with maintensnce
and rehebilitation activities may be 20
high. For pavement improvenents on
the NHS, design lives of 50 years may
be reasonable while bridge and tennel
improvements may have design lives of
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100 or more years. The consideration of analysis may be appropriate if two or
niore alternatives are close in cost, if
streams of costs and benefits among
alternatives vary significantly over time,
or if the discount rate is outside the
range of discount rates recommended by -

longer design lives will require longer
analysis periods in LCCA. Analysis
periods for projects involving other
modes generally should be long enough
to cover the full life-expectancy of the
investment—the time until facilities
would have to be reconstructed if
initially constructed to an optimum
design. These lives would vary
according to the modal alternative being
examined. Analysis periods for all
project alternatives should be the same

lex_JI%h.

e inclusion of user costs in LCCA
is particularly controversial among
some States. Part of the controversy over
user costs is the fact that they often are
many times higher than agency costs
and can critically influence decisions.
While all motorists do not value costs of
delays as highly as do commercial
travelers, the costs and lost productivity
to businesses of delays around work
zones are simply too high to ignore. In
fact, such delays arguably have a greater
impact on business than delays
associated with inadequate capacity
because businesses factor normal
congestion costs into their plans; but
delays around work zones generally
cannot be foreseen and thus are more
disruptive. Technical advisories to be
developed on estimating user operating
and delay costs will address this issue
in greater detail.

In addition to increased delay and
vehicle operating costs, rehabilitation
and maintenance activities may result in
increased accident costs around work
zones. Technical advisories will be
developed to assist in estimating
increases in accident rates associated
with different types of rehabilitation
and maintenance activities. The most
comprehensive information on the costs
of motor vehicle accidents is contained
in the National Highway Traffic Safety
Administration's publication, “The
Economic Cost of Motor Vehicle
Crashes, 1990." A copy of this
document is available in the public
docket for this notice. :

The proper uss of the discount rate
has been an issue for LCCA, cost-benefit
analysis and other types of economic
analysis as well. Among the issues are
the relationship between the discount
rate and inflation, factors that affect the
choice of rates, and how to establish
rates over a long analysis period. Office
of Management and Budget (OMB)
Circular A-94, “Guidelines and
Discount Rate for Benefit-Cost Analysis
of Federal Programs,” provides
guidance on selecting appropriate
discount rates for economic analyses.
Since the choice of discount rate can
affect relative life-cycle costs, sensitivity

MB.

The FHWA will develop training and
technical assistance materials to address
issues in LCCA. These materials should
supplement guidance on economic
analysis techniques contained in
AASHTO's 1977 publication, “A
Manual on User Benefit Analysis of
Highway and Bus-Transit

- Improvements,” ! the “Red Book.” in
the forthcoming update to that
publication which was developed under
National Cooperative Highway Research
Program Project 7-12, and in other
guidance on LCCA issues. While
additional materials are being
developed, this interim policy statement
provides guidance on LCCA principles
applicable to highway and structure

The FHWA is reviewing its policy on
alternative bridge designs (53 FR 21637,
June 9, 1988) for consistency with this
interim life-cycle cost analysis policy as
well as with Executive Order 12893.

The following is FHWA's LCCA
policy for infrastructure investment
analyses. It represents good practice that
should be followed by States and local
transportation agencies in making
program and project investment

1. Life-cycle costs are an important
consideration in all highway investment

2. The level of detail in LCCA should
be commensurate with the level of -
investment involved and the types of
alternatives being analyzed. Investments
on the NHS geperally warrant more
detailed analysis than investments on
non-NHS routes. Similarly, evaluation
of decisions whether to reconstruct or
rehabilitate a facility warrants more
detailed analysis than consideration of
alternative maintenance strategies.

3. Typical life-cycle cost analysis

-profiles may be developed and used as
the basis for evaluating alternatives for
general types of improvements, such as,
consideration of alternative pavement
designs or different types of bridges on
various functional class highways.
Major programs and projects, however,

! This document is availsble for inspection as
prescribed at 49 CFR Part 7, Appendix D. It may
be purchased from the American Association of
State Highway and Transportation Officiais, 444 N.
Capitol Street, NW., Suite 225, Washington DC
20001. A copy also will be availab

le in the public -
docket for this notice. :
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often will require consideration of a

* broad range of alternative rehabilitation

and recanstruction options and more
detailed analysis of potential
alternatives. The potential applicability
and use of LCCA profiles will be ’
discussed in greater detail in future
technical advisories. '

4. Other factors, including budgetary,
environmental, and safety
considerations, legitimately influence
highway investment decisions and
should be considered along with the
results of LCCA in evaluating
investment alternatives. Life-cycle cost
analysis principles should be used in
conjunction with other appropriate
economic analysis techniques in
pavement and bridge management
systems. Systemwids or network
objectives as wall as project level
concerns should be considered in
decisionmaking, and both levels of
analysis should consider life-cycle
costs.

5. Analysis periods should be for the
life of the facility or system of facilities
being evaluated and should account for
costs of foreseeable future actions.
Analysis periods should not be less than
75 years for major bridge, tunnel, or
hydraulic system investments, and not
less than 35 years for pavement
investments. Longer design lives may be
appropriate for the NHS or other major
routss or corridors. ’

6. All appropriate costs
anticipated during thamyxis period
should be considered in the analysis,
including traffic control costs during
maintenance and rehabilitation, costs of
special construction procedures
required to maintain traffic, and agency
operating costs for such things as tunnel
lighting and ventilation. In those cases
where the agency required to operate a
facility is not the one making the
investment decision, it is important for
the funding agency to include operating
costs borne by other organizations
responsible for operating the facilities.

'7. User costs including increased
vehicle operating costs, accident costs,
and delay-related costs incurred
throughout the analysis period should
be considered in LCCA. Increased costs
due to deteriorated riding surfaces,
tircuitous routings, and accidents and
delays around and through maintenance
and construction work zones are all
important.

8. Future agency and user costs =
should be discounted to net present

. value or converted to equivalent
. uniform annual costs using appropriate

discount rates. Discount rates selected -
should be consistent with guidance

. provided in OMB Circular A-94.
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() Memorandum

US Deparmment
of Tronsportanon

- Federai

Subject

From

To

Highway
Administration

INFORMATION: 1991 Intermodal Surface Transportatio
Efficiency Act (ISTEA) Implementation bare MAY 2] 1992
Interstate Maintenance Program

Reoly to

Associate Administrator for At of

Program Development

HNG-13

Regional Federal Highway Administrators
Federal Lands Highway Program Administrator

The purpose of this memorandum is to provide written guidance regarding the
provisions in the 1991 ISTEA which created the Interstate maintenance (IM)
program.

Authorizations - Section 1003

Section 1003(a)(1) establishes the first annual authorizations for the
IM program for FY 1992 through FY 1997, in amounts ranging from $2.431 billion

- to $2.914 billion.

Apportionments - Section 1009

Section 1009 modified Section 104(b)(5)(B) of Title 23, which previously
established the apportionment formula for the I-4R program. The formula
remains based on the same factors, lane-mile (55 percent) and vehicular miles
of travel (45 percent), for apportioning IM funds, but the formula now
includes those Interstate routes designated under Sections 103 and 139(c)

of Title 23 plus Interstate routes designated under 23 U.S.C., Section 139(a)
before March 9, 1984 (except toll roads not subject to a secretarial
agreement as provided in Section 105 of the Federal-Aid Highway Act of 1978).
Section 104(b)(5)(B) of Title 23 provides that no State shall receive less
than one-half percent of the total IM funds apportioned annually.

The certificate of apportionment of FY 1992 funds was transmitted by the
FHWA Notice N 4510.264 dated December 18, 1991.

Availability - Section 1020

Section 1020(a) rewrites 23 U.S.C. 118 and provides that IM funds shall remain
available for obligation in a State for a period of 3 years after the last day
of the fiscal year for which they are authorized. For example, FY 1992 funds
were apportioned on December 18, 1991, and will lapse on September 30, 1995,
and FY 1993 funds will be apportioned on October 1, 1992, and will lapse on
September 30, 1896.
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Federal Share - Section 1021

Section 1021(a) provides that the Federal share on all IM projects shall be
S0 percent, except as modified in States with sliding scales.

Eligibility - Section 1009

Section 1009(e)(5) amends 23 U.S.C. 119(a) to permit the Secretary to approve

IM funded projects for resurfacing, restoring, and rehabilitating routes on

the Interstate System designated under Sections 103 and 139(c) of Title 23,

%?d1rog§es designated prior to March 9, 1984, under Section 139(a) and (b) of
tle 23.

Section 1009(e)(3) amends Section 119(c) of Title 23 to establish types of
work eligible for IM funding. The section has been interpreted to include as
eligible, those work items which provide for 3R work on existing features on
the Interstate route and its interchanges and grade separations .ithin norma!
“touchdown 1imits.” For example, the rehabilitation of existing ruadside
hardware may include IM funding for work such as bringing old guararail up to
current standards, maintenance of impact attenuators, refurbishing existing
traffic control signs, pavement markings, and other devices, etc. However,
excluded from eligibility for IM funding are all new work elements, such as
new interchanges, new ramps, new rest areas, new noise walls, or other work
which does not resurface, restore, or rehabilitate an existing element.

Existing bridges (including over crossing structures) may be replaced with
IM funds, provided they meet the structurally deficient criteria of the
bridge program. Bridges classified as functionally obsolete may also be
replaced with IM funding, except that capacity expansion elements should be
subject to the limitations discussed in the following paragraphs.

Section 1009(a) prohibits IM funding for the portion of the cost of any
project attributable to the expansion of the capacity of any Interstate
highway or bridge, except for the addition of high-occupancy vehicle lanes or
auxiliary lanes (such as truck climbing lanes).

In determining what portion of a project is eligible for IM funding and what
portion is capacity expansion (and, therefore, not eligible for IM funds), the
basic purpose of the project should be considered. If the project is a
combination of preservation and capacity expansion, the cost should be split
with 3R items eligible for IM funding and capacity expansion items eligible
for other funds. In determining the split, it may be helpful to visualize the
project without the capacity expansion work (added lanes, bridge widening or
extension for example) and allow IM funding for all necessary 3R items.

Section 1009(e)(4) amends 23 U.S.C. 119(e) to allow IM funding for preventative
maintenance activities, which a State can demonstrate through its pavement
management system, are a cost-effective means of extending Interstate pavement
life. Preventative maintenance includes activities such as sealing joints and
cracks, patching concrete pavement, shoulder repair, and restoration of
drainage systems which are found to be cost-effective projects resuiting in
extending the service 1ife of pavements.
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This provision has been extended administratively to allow IM funding for other
preventative maintenance activities. Examples may include structure work such
as crack sealing, joint repair, seismic retrofit, scour countermeasures, and
painting of steel members which are cost-effective in extending the service
life of the structure.

Toll Roads, Bridges and Tunnels - Section 1012

Section 1012(d) provides that existing toll agreements entered into under
Section 119(e) or 129 of Title 23 prior to and in effect on the date of
enactment of the 1991 ISTEA, shall continue in effect. A1l new agreements must
be executed in accordance with the provisions of the 1991 ISTEA. Guidance on
the use of Federal-aid funds on toll roads has been provided by Mr. Kane's
memorandum of March 12, 1992.

Discretionary Funds

There is no provision for set aside of funds from the IM program for
discretionary purposes. Also there is no provision for reallocation of
apportioned IM funds which lapse at the end of the availability period.

Section 1020 does provide for a continuation of the 1-4R discretionary fund
program that is separate and distinct from the IM program. The source of the
[-4R discretionary funds is an annual set aside from National Highway System
(NHS) funds. These [-4R discretionary funds may be used for IM-type projects
or for other improvements on the Interstate including projects to provide
additional Interstate capacity. A memorandum was issued on December 20, 1991,
which outlined procedures for applying for FY 1992 I-4R discretionary funds. A
similar memorandum will be issued annually.

Transferability - Section 1009

Section 1009(e)(5)(D) and (E) modifies 23 U.S.C. 119(f) to allow a State to
unconditionally transfer an amount not to exceed 20 percent of its

IM apportionment to its apportionments under 23 U.S.C. 104(b)(1) for the NHS,
or 23 U.S.C. 104(b)(3) for the Surface Transportation Program (STP).

Section 1009(b) further amends 23 U.S.C. 119(f) to allow a State to transfer an
amount in excess of the 20 percent unconditional IM fund transfer, if the State
certifies to the Secretary that (1) the sums to be transferred are in excess of
its needs for resurfacing, restoration or rehabilitating its Interstate System
routes and (2) the State is adequately maintaining the Interstate System, and
if the Secretary accepts the certification.

State requests to transfer IM funds should be submitted to the Division
Administrator and may be approved by the Regional Federal Highway Administrator.
Funds transferred into the STP will be transferred into the State Flexible

Appropriation Code 33D.
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Adequate Main nce of the [nterstate tem

Requirements for fhe State to certify that it is adequately maintaining the
Interstate System and that the Secretary develop criteria for determining what
constitutes "adequate maintenance® were added by Section 1009(c)(2).

We anticipate that formal rulemaking may be necessary to allow input from the
States in the development of definitive guidance on what constitutes adequate
maintenance. Therefore, for the purpose of evaluating State requests to
transfer IM funds, in excess of the 20 percent unconditional amount, and unti}
such time as these criteria are established, the guidance contained in the
Federal-Aid Policy Guide, CFR 635E and its supplement (old FHPM 6-4-3-1) should
be used for determining whether the State is adequately maintaining the
Interstate System.

Headqugarters Contacts

This guidance will be updated in the future if further clarifications are found
necessary. Questions about what constitutes adequate maintenance of the
Interstate System should be directed to the Construction and Maintenance
Division (HNG-21). Pavement management systems are coordinated by the Pavement
Division (HNG-41). Other questions about the IM program should be directed to
the Interstate and Program Support Branch (HNG-13). :

LIS

Anthony R. Kane
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INFORMATION: Prcvcnti§c Maintenance
- — | Daw JUL 27 32

Associate Administrator for Recy 0 HNG=10
Progran Developnment Aun of ’

. Regional Federal Highway Administrators

Federal lands Highway Program Administrator

Section 119 of Title 23, United States Code, was anended by the.
Intermcdal Surface Transportation Efficiency Act of 1991 to
provide specific Federal-aid fund eligibility for preventive
maintenance on Interstate highways.

We consider preventive maintenance to include roadway activities
such as joznt repair, pavezent patching, shoulder repair, and
restoration of drainage systers, and bridge activities such as
crack sealing, joint repair, seismic retrofit, scour '
counterneasures, and painting. Such work is esligible for
Federal-aid participation where the work is determined to be
cost-effective for preserving tha pavement and bridge structurs
and extending the pavement and bridge life to at least achzcvc
the design life of the tleility.

Due to the nature of prcvcntivc maintenance type work, the
Division Administrator may approve a request to advance this type
of project on Interstate highways without including safety or
geoﬂet’xc enhancements, but with the understanding that
appropriate safety and geometric enhancements will be an integral
part of future 3R/4R projects. This approach may also e applied
to ninor work the Division Administrator considers elig ble for
Federal-aid funding on other Federal-aid highways. >reventive
maintenance or minor work items shall not degrade any ex;s:xng
safety or gconn::;c aspccts ot the facility.

" Anthony R. Kane
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e - Memorandum

swect  INFORMATION: Interstate Maintenance Program Oae  June 14, 1993

Repwy 10
From Executive Director Al of HNG-21

To  Regional Federal Highway Administrators
Division Administrators
Federal Lands Highway Program Administrator

Over the last decade, the State highway agencies have carried out necessary
resurfacing, restoration, rehabilitation and reconstruction (4R) of Interstate
highways in accordance with the provisions of 23 U.S.C. 119 using funds
apportioned under 23 U.S.C. 104(b)(S)(B). Since there was no differentiation
in eligibility or pro rata funding for the various classes of work, there was
not a need to develop strict definitions for determining whether the proposed
work was resurfacing, restoration, rehabilitation or reconstruction. General -
definitions for pavement reconstruction and pavement rehabilitation (3R) are
included in the "Pavement Policy® (23 CFR 626) which was established in 1988.

Currently, some questions pertaining to the definitions for rehabilitation and
reaconstruction have been raised since Section 1009(e) of the ISTEA of 1991
generaily eliminated reconstruction on the Interstate System from eligibility
under 23 U.S.C. 119, Interstate Maintenance (IM) Program. As revised, this
sectior promotes maintenance of the Interstate System through approval of
projects for resurfacing, restoration and rehabilitation, and throug
preventive maintenance activities. , :

Preventive maintenance includes restoration or rehabilitaticr of specific
elements of a highway facility when it can be demonstrated that such
activities are a cost-effective means of extending the pavement life. The
list of specific work elements which are generally accepted as extending the
service 1ife of pavements and bridges is extensive. In general, any work
which provides additional pavement structural capacity (general overlays or
replacement of portions of the pavement structure), or prevents the intrusion
of water into the pavement or pavement base (seal coats, joint seals, crack
seals, overlays), or provides for removal of water that is in the pavement or
pavement base (underdrains, restoration of drainage systems), restores
pavement rideability (profiling, milling), or prevents the deterioration of
bridges (cleaning and painting, seismic retrofit, scour countermeasures, deck
rehabilitation or repair, deck drain cleaning) are considered to be work which
extends the service life of the highway. These typical preventive maintenance
work items are not intended to be all inclusive but are rather a limited list
of examples. The changes made by Section 1009(e) of the ISTEA of 1991 allow
considerable flexibility in determining, based on -ood engineering analysis,
the most cost-effective method of extending the se-vice life of the existing
Interstate pavements and bridges. :

2.133



2

Each of the States either have, or are in the process of developing pavement,
bridge and other management systems in response to the ISTEA of 1991 and
previous FHWA policies. One of the purposes of a pivement management system
is to identify cost-effective strategies for proposed pavement work. In some
cases, the most cost-effective pavement strategy may be removal and
replacement of all or part of a badly deteriorated pavement structure.
However, if a removal and replacement strategy is considered ineligible for IM
funding, a less cost-effective strategy may be selected by the State based
only on the class of available funding. Forcing any particular strategy based
primarily on availability of funds would not provide the public with the best
use of Federal-aid funds. Therefore, in order to provide the States with
necessary flexibility and stil1l meet the intent of the revised 23 U.S.C. 119,
pavement work which is identified by the State’s pavement management system as
being cost-effective, including removal and replacement strategies, where no
additional capacity is provided is eligible as an IM Program funded project.

Reconstruction on the Interstate System may still be approved; however, unless
the proposed work meets the eligibility requirements of 23 U.S.C. 119(c), such
work must use funds other than those apportioned under 23 U.S.C. 104(b)(5)(B).

Mr. Anthony R. Kane’s May 21, 1992, memorandum on "199]1 Intermodal Surface
Transportation Efficiency Act (ISTEA) Implementation Interstate Maintenance
Program® listed, as examples, several types of improvements which were not
eligible for IM funding. The example concerning “new ramps® has created some
confusion. As a result, further clarification is necessary. -

After reviewing the legislation, we have determined that the addition ofenew
ramps at existing interchanges is properly a part of "interchange -~ . -- :
reconstruction” and does not constitute added capacity under 23 U.S.C. 119(g).
Eligible new ramps may include those associated with reconstruction of
existing interchanges necessitated by traffic growth or operational problems.
Examples might include the addition of one or more loops to an existing
diamond interchange, the addition of a directional ramp to relieve Interstate
traffic congestion, or the addition of a ramp or ramps to provide a missing
traffic movement. These examples are also not intended to be all inclusive.
In general, new ramps associated with the reconstruction of an existing
interchange are eligible for IM funding and conversely, new ramps on an
Interstate route where there is presently no existing interchange are not
eligible for IM funding. '

"~ In addition to these comments and guidance concerning pavement and interchange
eligibility, any proposals for IM funded projects should include '
considerations for safety or geometric enhancements in accordance with

Mr. Kane’s July 27, 1992, memorandum on "Preventive Maintenance."

ZQ«_&L\

E. Déan Carlison
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McTrans (Center for Micro-
computers in Transportation},
is a software distribution and
user support center, originally
astablished by the Federal
Highwoy Adminisiration
{(FHWA), and now supported
by the Federal Transit Admin-
istration (FTA). The McTrans
Center provides support to
microcomputer users through
technical assistance of the
softwarae it distributes.

Our goal is to sarve as the
nation’s primary center for
technical support and distribu-
tion of highway transportation
and transit software. With a
staff of experts in a wide
range of specialties,

Mc Trans fields inquiries on
a variaty of subjects, such as:
what programs are available
for your needs, which com-
puter should be purchased to
run your software, and help
with specific programs.

As a support center, we learn
about what software others
are using and hear about
programs that you are looking
for. Feel frae to call Mc Trans
with your questions: 1.800-
226-1013 {24-hour message
hotline}; (904) 392-0378,
Fax: (904) 392-3224,; or
{ogon to Mctlink, our 24-hour
slectronic bulletin board,
(904) 392.3225.

McFinder, the McTrans
catalog-on-disk, is updated
quarterly. This catalog is up-
dated annually, with quarterly
updates in the Mc Trans
Newsletter. Both can be
obtained frae on request.
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Carson City PMS

The Carson City Pavement Management Sys-
tem was developed under an FHWA Rural

" Technical Assistance Program (RTAP) project.

Road inventory data inciude street name, seg-
ment limits and location, subgrade strengths,
lengths, widths and surrounding land uses.
Structural information includes presence of
curb and gutter, shoulder width, surface and
base type, thickness and deflection. The condi-
tion survey includes information on ride qual-
ity, alligator cracking, ravelling and longitudi-
nal plus traverse cracking as the recorded forms
of distress; and acceptable, tolerable and unac-
ceptabie listed as the three degrees of severity.
The total quantity of each distress and severity

| combination is recorded for each street segment

and deduct values assigned. Traffic survey in-
formation includes voiumes and classification.

The type and extent of distress determine the re-
habilitation strategy alternative. The ride qual-
ity, alligator cracking and status of surface ravel-
ling are checked. Then, depending on the traffic
index (a measure of truck volume and weights),
a maintenance and rehabilitation treatment is
recommended. Priorities are assigned based on a
cost-benefit ratio determined as a function of
cost-per-vehicle-mile. Cost estimates are then
applied and listed with the expected life cycle
before new treatments are required.

LOS: 3 (from FHWA)

Operating System: IBM PC/MS-DOS 2.1+
(384K and Hard Disk)

Supporting Software: dBASE [+

Product# Description Price
CCPMS Carson City PMS, 7/89 §50
CCPMS.D Documentation $10

ELSYM S

{ ELSYM5isa computerized procedure which

models a three-dimensional idealized elastic
layered pavement system. It computes the vari-
ous component stresses, strains, and displace-
ments along with principal values at locations
specified by the user, within the layered pave-
ment. This program was developed for the Fed-
eral Highway Administration.

LOS: 3 (from FHWA)

Operating System: IBM PC'MS-DOS 2.1+

Product# Description Price
ELSYM ELSYMS, 12/86 $40
ELSYM.D  Documentation $5

EXPEAR

EXPEAR (EXpert system for Pavements Evalu-
ation And Rehabilitation) is 2 comprehensive
computerized system to assist engineers in
evaluating concrete highway pavements, de-
veloping feasible rehabilitation alternatives,
and predicting the performance and cost effec-
tiveness of the alternatives. In its current state
of development it is considered an exceilent

training tooi. Some modifications would be
required to make this program suitable for
routine use.

A computer program has been developed for
each of the three pavement types: jointed
Plain Concrete Pavement {(JPCP), Jointed Rein-
farced Concrete Pavements (JRCP), and Con-
tinuously Reinforced Concrete Pavement
(CRCP). The current version is EXPEAR 1.4

" which possesses the capability to do life-cycle

cost analysis and to delay rehabilitation up to
five years.

EXPEAR was developed by the University of
IHinois at Urbana-Champaign under FHWA
administrative funded or Highway Planning
and Research funded contracts. Further work
to enhance the capabilities of EXPEAR is pro-
posed. A hard disk is recommended both for
speed of execution and storage of data files.
EXPEAR comes from Kathieen T. Hail of the
University of Illinois. A supplemental docu-
ment describing the Concrete Pavement Evalu-
ation and Rehabilitation System is also avail-
able.

LOS: 3
Operating System: [BM PC/MS-DOS 3.0+

Product# Description Price
EXPEAR EXPEAR, Ver.1.4 $45
EXPEAR.D Documentation $20
EXPEAR.DS Supplementai Document $25

HDM-ill and HDM-PC -

HDM-11I and HDM-PC (Highway Design and
Maintenance Standards Model) is designed to
make comparative cost estimates and economic
evaluations of different construction and main-
tenance options, including different time stag-
ing strategies, either for a given road section or
an entire network. The concept can simply be
outlined as: determining costs, adding the set
of costs over time and comparing the total cost
streams for various maintenance and construc-
tion alternatives.

HD-PC includes the core HDM-1II model, a fa-
cility to input data, 2 mechanism to use the out-
puts with Lotus 1-2-3, and a constrained version
of the Expenditure Budgeting Model (EBM). If
HDM is used with the EBM, it is capable of
comparing options under year-to-year budget
constraints.

The basic data requirements are the network de-
scription, construction options, maintenance
standards and unit costs, vehicle characteristics
and unit costs, traffic volumes and projections,
exogenous benefits and costs, and analysis period
and discount rates. The program is distributed ex-
clusively by Mc Trans under license trom the
World Bank in Washington, DC.

The HDM-PC comes in two versions: 1) fully sup-
ported, which includes free technical assistance
and updates and 2) unsupported, which has no
support services. Both include the HDM-PC
User's Manual and the EBM. The EBM may also

o mai . e

be purchased separately {PC oniy). The main-
frame version is only available as fuily sup-
ported. The main HDM-[Hl documentation
(HDM.DV1and .DV2 below), which describe the
model in detail, must be purchased separately.

A French version of HDM Il is available from
PENDC of Paris or through Me Trans. Call for
details.

LOS: 1 (Copyright 1988, the World Bank)

Operating System: IBM PC'MS-DOS 2.2+ (640K
and Hard Disk) and Mainframe

Product# Description Price
HDM Fully supported HDM-PC,  $400
Ver.2.0 tincl. EBM, User's
Manual, Volumes 1, 2 and
HDM Manager)
EBM Fully supparted version 560
of EBM (incl. User's Manual)
HDM.UPG Upgrade to supported $300
HDM.UN  Unsupported HDM-PC $100
(incl. EBM and User's Manual)
EBM.UN Unsupported version of $30
: EBM (incl. User's Manual)
HDM.D Extra copies of HDM-PC $15
User’'s Manual
HDM.DV1 HDM model documentation $20
: : Vol. 1: Description of HDM-III
HDOM.DV2Z HDM model documentation  $25

Vol. 2: User's Manual for
HDM-IIT

HOM Manager

HDM Manager is a user-friendly shell environ-
ment for specific customized applications of
HDM-IIL It stores the input data in an efficient
manner, creates all the required HDM-{II input
files, runs the HDM-III program, coilects the
results and presents the results in a practical
way. It provides a simple but powerful package
for learning and using the major concepts of
HDM-IIL

HOM Manager is designed to be used with the
full HDM-III package and documentation,
which must be obtained separately. HDM
Manager comes from the World Bank and is in-
cluded with the fully-supported HDM-III.

LOS: 3 (Copyright 1993, The World Bank)
Operating System: [BM PC/MS-DOS 3.1+
Product#  Description

HDM.MGR HDM Manager, Ver.2.0

Price
S15

ILLI-BACK

ILLI-BACK is a closed-form backcalculation
procedure for rigid pavements. It is a comput-
erized adaptation of a rigorous, theoretically
sound and efficient backcalculation proce-
dure, applicable to two-layer, rigid pavement
systems. This method simplifies considerably
the effort required in interpreting nondestruc-
tive testing (NDT) data. A unique feature of
this approach is that in addition to yielding
the required backcalculated parameters, it aiso

FAX (904) 392-3224
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allows an evaluation of the degree to which
the in situ system behaves as idealized by
theory, and provides an indication of possible
equipment shortcomings when these arise in
the fieid.

The ILLI-BACK backcalculation procedure
considers a two-laver system, consisting of a
rigid pavement slab resting on an elastic solid
(ES) or a dense liquid (DL) foundation. The
backcalculation process requires four sensor
deflections and utilizes the concept for deter-
mining the Area of the deflecting basin.

When ILLI-BACK is executed on a personal
computer, execution time per deflection basin
permits the interpretation of a vast amount of
NDT data in a very reasonable time. The
method makes it feasible for the first time to
have a practical backcalculation procedure at-
tached to the testing device in the field, pro-
viding instant checks on the accuracy of the
deflection results generated, while there is
still time and opportunity for remedial action.
The program supports English and Metric
units and runs interactively or in batch mode
and is distributed in Copy-Protected format.

LOS: 7 (Copyright 1988, A.M. [oannides)

Operating System: IBM PC/MS-DOS 2.1+ and
math coprocessor

_ Product#
ILBACK

Price
3225

Description
ILLI-BACK, Ver.2.0

ILLI-PAVE Algorithms

ILLI-PAVE Algorithms is a program based on a
set of algorithms that were assembled from
ILLI-PAVE, a very large complex finite element
program. The algorithms are contained in the
program called [LLIALGR in the form of a se-
ries of spreadsheets selected from the menus.
ILLI-PAVE Algorithms can be used for prelimi-
nary design and analysis of flexible pavements.
This program was developed for the Federal
Highway Administration.

LOS: 3 (from FHWA)

Operating System: [BM PC/MS-DOS 2.1+

Product# Description Price
ILLI ILLI-PAVE, 12/86 $40
ILLLD Documentation $5
JCP-1

JCP-1 {Jointed Concrete Pavement) determines
the serviceability and fatigue data for use in
rigid pavement design. The design process is
an iterative process in which a designer speci-
fies trial structural designs, determines the re-
quired inputs, executes the program, analyzes
the resulting fatigue and serviceability data,
modifies the design, and repeats the procedure.
The program will analyze any number of slab
thicknesses and provide outputs for each thick-
ness, while holding all other inputs constant.

LOS: 3 (from FHWA)

Operating System: IBM PC/MS-DOS 2.0+

Product# Description Price

JCpP Jointed Concrete 545
Pavement-1, 12/86

jcr.D Documentation $5

Long Beach PMS

The Long Beach Pavement Management Sys-
tem was also developed under the FHWA Rural
Technical Assistance Program (RTAP) project.

The system uses data files for physical informa-
tion on the sections to be included in the analy-
sis; pavement survey data detailing the condi-
tion of the surface; and information on the scor-
ing, treatment and cost estimates for each road
segment. Traffic data are incorporated into the
analysis in the form of a Traffic Index based on
ESAL’s. An evaluation system is utilized which
rates the sections from the pavement surveys
and applies a decision tree to determine initial
proposed treatments and their estimated costs.
LBPMS analyzes both flexible (asphalt con-
crete) and rigid {Portland cement concrete)
pavement types and produces several interme-
diate and final reports.

LOS: 3 (From FHWA)

Operating System: [BM PC/MS-DOS 2.1+
(384K and Hard Disk)

Supporting Software: dBASE [1I+

Product# Description Price
LBPMS Long Beach PMS, 6/89 $40
$10

LBPMS.D Documentation

MAPCON

MAPCON (Methods for Analyzing Pavement
CONdition data) is a comprehensive, but user
friendly package for pavement safety, rough-
ness, structural capacity and surface condition
analysis. MAPCON includes ELSYMS and the
Calfornia FPMS and RPMS (which also are dis-
tributed separately) and others. MAPCON pro-
vides “paths” to all the individual programs,
enabling the user to better analyze the pave-
ment conditions, which can then be made part
of a pavement management system.

MAPCON was developed by Pennsylvania
State University and ARE, Inc., under contract
to FHWA. A hard disk is highly desirable, but
not required.

LOS: 3 (from FHWA)

Operating System: IBM PC/MS-DOS 2.0+
(512K)

Product# Description Price
MAPCON  MAPCON, 4/87 $100
MAPCON.D Documentation $65

MIX

MIX is a menu driven, BASIC program which
calculates the specific gravities of aggregates
for the design of the asphalt mix and the pro-
portions of each aggregate in the mix. The pro-
gram is based on the methodology described in

the MS-2 Report published by the Asphait [
stitute. No formal documentation is availabl

LOS: 3 (from University of Puerto Rico)
Operating System: [BM PC/MS-DOS 2.0+
Supporting Software: BASIC

Product#
MIX

Description 14
MIX, 1/80

MODULUS and PASELS

MODULLS and PASELS are two programs
assess the current condition of the moduli e
various structural layers of existing asphalt
pavement. The moduli values are often ob-
tained through nondestructive testing with
use of failing weight deflectometers. The h:
volume data collection capabilities of mode
nondestructive testing equipment require 3
analysis method which is capable of rapid
backcalculation of pavement layer moduli
production mode of data reduction. A layex
elastic method, MODULUS, was develope«
microcomputer use which is very fast in op
tion and provides consistently reliable rest
Random errors in the measurements and sy
tematic errors in the backcalculation proce:
may be reduced-the former by repeating tt
measurements and the latter by using a mi
computer expert system, PASELS, to provi-
consistently acceptable layer moduli value
These programs were developed undera’
tional Cooperative Highway Research Prc
gram project, the results of which are pub
lished as NCHRP Report 327, “Determini
Asphaitic Concrete Pavement Structural |
erties by Nondestructive Testing.” This
which contains user’s manuals for both p
grams, may be obtained through the Tran
tation Research Board, Washington, D.C.

LOS: 3
Operating System: IBM PC/MS-DOS 2.0+

Product# Description
MODUL MODULUS, Ver.4.0
PASEL PASELS, Ver.1.0
NULOAD

NULOAD is a computerized procedure th
evaluates the effect of legal load limit cha
on the (set of 12) life cycle costs of flexiblc
rigid, and/or composite pavements. Data 1
are interactively input through NULDIN,
user-friendly processor for NULOAD. Co
erable input data is required.

LOS: 3 (from FHWA)

Operating System: IBM PC/MS-DOS 2.0+
Product# Description

NULOAD NULOAD, 12/86
NULOAD.D Documentation

JRY
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PAVECHEK

Pavechek is a software package for designing
interlocking concrete pavements. The struc-
tural design of flexible interlocking concrete
pavements can be accomplished quickly on
this menu-driven, PC computer based pro-
gram. Pavement cross section designs can be
generated for both new or overlay interlock-
ing concrete pavements with unbound or
bound base materials. Various levels of so-
phistication can be used in the program de-
pending on the level of detail of input data
available. The design rationale is based on the
widely used 1986 AASHTO “Guide for the
Design of Pavement Structures”.

LOS: 7

Operating System: IBM PC/MS-DOS 2.1+
(Graphics)

Product#
PAVECHEK Pavechek, Ver.1.0

Description Price

$55

Pavement Management
Forecasting Model

Pavement Management Forecasting Model
{PMF) is a Lotus 1-2-3 template for use in plan-
ning roadway maintenance and strategies. [t
runs in a Lotus, Release 2 environment and is
completely menu driven. Data on road mainte-
nance and construction unit costs, pavement
deterioration rates, future funding estimates
and current road conditions are required.
Based upon three repair strategies, output is
generated in tabular summaries and graphic
plots. It allows changes at any level to iterate
to desired results.

Agencies responsible for roadway maintenance
related funding decisions will find it useful to
compare various alternatives. The Lotus design
is included in the appendix for users who
might modify the algorithms to customized ap-
plications. PMF was donated by Mr. William
Massicott of the Metropolitan Area Planning
Council, Boston.

LOS:3
Operating System: [BM PC/MS-DOS 2.0+
Supporting Software: Lotus 1-2-3

Product # Description Price
PMF PMF, Ver. 1.0 $40
PME.D Documentation $15

Pavement Management System

Pavement Management System (PMS) is a de-
cision support tool used to assist management
responsible for allocating pavement mainte-
nance resources. [n a simple view, PMS is a
process where information about the pave-
ment system is collected, stored, analyzed and
reported.

This third generation, Version 3.0, combines a
life cycle approach to pavement maintenance
with a user-friendly, mouse or keyboard
driven graphical user interface. This standard

system includes five modules for analyzing
inventory, history, pavement condition, cost
and budget, and a knowledge-based ranking
system. [t uses a maintenance priority ranking
system based upon the data collected and
stored in the other four modules. In addition,
the system’s modular design allows the inte-
gration with other software to provide en-
hanced graphical reports and system perfor-
mance feedback.

LOS: 7 (Copyright 1992, Resource Interna-
tional, Inc.)

Operation System:IBM PC/MS-DOS 3.0+

Product# Description Price
PMS PMS $695
PMS.GIS  PMS GIS version $2,500
od PMSPro

PMSPro is a pavement management program
written in the Microsoft Windows environ-
ment using FoxPro for Windows. The program
allows the user to completely customize the
program by defining decision trees, rehabilita-
tion strategies, deterioration curves, deduct
curves, and costs for different pavement types,
functional classes, and traffic classes. PMSPro
also contains other methods of calculating
condition scores such as: WADOT PSC, FAA
PCI, PAVER PCIL.

PMSPro evaluates a street network both at the
project level and the network level. At the
Project Level, condition scores are used to pri-
oritize streets. Decision trees evaluate the type
and amount of distress to select an appropri-
ate rehabilitation strategy. PMSPro can evalu-
ate all street segments or only those that have
changed since the last analysis.

A complete cost accounting package allows
costs to be adjusted according to the type and
amount of distress as well as other costs such
as flagging and engineering.

At the Network Level, a simplified decision
process uses future calculated condition scores
to select an appropriate rehabilitation strategy
and cost. The analysis period can range from §
to 80 years. Evaluate by functional class or
traffic class. Carry unspent funds forward. Pri-
oritize by Worst First or Last.

PMSPro also can handle condition surveys or
ditches, sidewalks, street signs and other
street accessories. A maintenance module al-
lows the tracking of past maintenance and
costs.

Compatible with most GIS programs, includ-
ing MapInfo from Mapinfo, Inc. A GIS pro-
gram can display pavement condition, recom-
mended rehabilitation strategies, pavement
types, sign inventory, etc. by connecting the
databases to a map.

LOS: 7 (Copyright 199201994, Pavement Engi-
neers, Inc.)

Operating Software: IBM PC/MS-DOS 3.0+

Product #  Description Price
PMSPRO  PMSPRO Pavement $1.000
Management

Program Ver. 5.2

Road Manager™

The Road Manager™ is a modular roadway
management system. [ts unique features are the
ability to include ALL roadway features in the
evaluation of a road section, a modular design,
user defined parameters allowing extensive
customization to fit local conditions and poli-
cies, and a modern software design using light
bar menus, a complete help system and pick
lists for easy data entry.

The General Roadway module serves as the
“control center” for all other modules, record-
ing road lengths, widths, classifications, etc., as
well as overall condition indices for eight dif-
ferent types of roadway features. The General
Roadway module can also be used as a stand
alone system, suitable for “windshieid survey”
evaluation of a road network. The General
Roadway module is required for all other mod-
ules.

The Asphalt Pavement, Roadway Drainage and
Roadway Utility modules allow the detailed in-
ventory and evaluation of roadway distresses,
drainage needs and utility related features.
These modules include a user definable deci-
sion table that determines recommended re-
pairs or maintenance. All calculations related to
determining a condition index, recommended
repairs and estimated costs can be modified by
the user.

The Improvement Plan module uses informa-
tion generated in the Asphalt Pavement, Road-
way Drainage and Roadway Utility modules to
develop lists of recommended improvements
as well as required budgets to attain a given
network condition level. The computer-gener-
ated plan for improvements can be overridden
by the user. The estimated deterioration curves
used by the system in projecting future pave-
ment and utility patch condition can also be
modified.

The Repair History module serves as an elec-
tronic file cabinet, recording all work per-
formed on a road section as it is completed. The
Street Diagram module graphically displays
and prints all Drainage and Utility features that
have been inventoried through their respective
modules.

LOS: 7 (Copyright 1989, The Info Center, Inc.)

Operating System: IBM PC/MS-DOS 3.0+
(640K and Hard Disk)

Product# Description Price

RMRD General Roadway, Ver. 1.51 $495

RMAS Asphalt Pavement, $995
Ver. 1.51

RMGR Gravel Road, Ver, 1.51 $495

FAX (904) 392.3224
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Sucect

o Memorandum

U.S. Department
of Trorsportation

Federal Highway =
Administration .

Dowel Bar Inserters ~ore February 23, 1996

. Chief, Pavement Division reoy o HNG-40

Attp. ot

. Regional Administrators

Federal Lands Highway Program Administrator
Attention:. Regional Pavement Engineers

By a March 6, 1990, memorandum, Mr. Louis Papet provided a copy of a Wisconsin
Department of Transportation report on "Dowel Bar Placement: Mechanical Insertion
Versus Basket Assemblies.” Since that time, there appears to have been poor acceptance
of the use of dowel bar inserters. A recent draft NCHRP report noted that 8 States allow
the use of inserters, 13 States allow it as an acceptable option, and 20 States do not aliow
their use.

This technique has been used exclusively in some European countries for over 20 years
with satisfactory dowel placement results. We believe all States should be encouraged to
make this an ailowable option in their specifications. We continue to encourage checking
of dowel tolerances by probing through the fresh concrete early during the project and
periodically as the work progresses. We also continue to recommend that when either
baskets or inserters are used, the location of the dowels in the completed pavement be
verified using metal detectors, pachometers, and cores.

If you have any comments or questicns please contact Mr. John Hallin at (202) 366-1323

or Mr. Roger Larson at (202) 366-1326
. 7/: ; N

T. Paul Teng, P.E. -
f
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PORTLAND CEMENT CONCRETE MIX DESIGN
AND FIELD CONTROL
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Par.
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O

Purpose

Background

Materials

Proportioning

Properties of Concrete

Mixing, Agitation, and Transportation
Placement and Consolidation
Curing and Protection

Concrete Distress Conditions
Manufactured Concrete Products
Quality Control and Testing

1. PURPOSE. To set forth guidance and recommendations
relating to portland cement concrete materials,
covering the areas of material selection, mixture
design, mixing, placement, and quality control.

2. BACKGROUND

a‘

Each year approximately 46 million cubic meters of
concrete are used in all highway construction.

The vast majority of States use a prescription
type specification for portland cement concrete,
often specifying minimum cement content, maximum
water cement ratio, slump range, air content, and
many times aggregate proportions. Admixtures such
as fly ash are incorporated into mixes as a part
of the prescription.

This system has worked fairly well in the past but
may change as emphasis is placed on performance
based specifications. States have begun to reduce
or eliminate the amount of inspection at concrete
plants as automation has increased productivity.

3. MATERIALS

a.

Portland Cement. The proper type of portland
cement should be specified for the conditions
which exist.

T S AR opl: HNG-23
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(2)

(3)

Types I, II, III, IP, and IS are typically
used in highway construction. Type I is used
when no special circumstances exist. Type II
is used when sulfate exposure conditions are
present. Type III is used when high early
strengths are required. The use of Types IP
and IS result in lower early strength gains
and can be substituted for Type I cement when
early strength is not a concern. In addition
to the above mentioned types, Types IV and V
are sometimes used in highway applications to
meet special conditions. Further information
about these cements can be found in the book
Design _and Control of Concrete Mixtures
published by the Portland Cement Association
(PCA) .

It is recommended that the acceptance of
portland cement be based on certification by
the supplier. The certification should
contain the lot number of the cement. The
supplier's test results should accompany the
certification or be available to the State.
Verification samples should be taken and used
as part of the acceptance system.

If alkali aggregate reactivity (AAR) is a
concern, a maximum alkali content of 0.6
percent should be specified. Some State
highway agencies consider this amount too
high and recommend smaller amounts. If
AAR is a problem in the State, a review

of a States' Materials Manual is suggested.
See Concrete Distress Conditions Section
for other remedies.

Aggregates. Aggregates make up 60 to 70 percent
of the volume of concrete mixes. A significant
portion of poorly performing highway concrete can
be traced to aggregate quality problems.

(1)

The fine aggregate should meet the
requirements of the American Association

of State Highway and Transportation Officials
(AASHTO) M 6.
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The range for the gradation of fine
aggregate is quite broad. The fineness
modulus (FM), calculated using AASHTO T 27,
can be used as a tool for assessing the
variability of the fine aggregate gradation.
The specifications should limit the range of
the FM between 2.3 and 3.1 according to
AASHTO M6 and the variation of the FM should
not be more than 0.20 from the value of the
aggregate source.

The FM is a means to control the influence
that fine aggregate has on workability and
the air content of the mix and is sometimes
specified in the mix design. Further
information regarding FM can be found in the
Federal Highway Administration's manual FHWA-
ED-89-006 (Portland Cement Concrete Materials
Manual).

It should also be noted that to provide good
skid resistance, the PCA recommends that the
siliceous particle content of the fine
aggregate should be at least 25 percent.
Consideration should be given, however, to
the possibility of alkali-silica reactions
when this is done.

The coarse aggregate should meet the
requirements stated in AASHTO M 80. For most
parts of the country the severe exposure
requirements should be used which means the
use of class A aggregate for structural
concrete and class B aggregate for pavements.
The following table contains some of the more
common information provided by Table 1 in
AASHTO M 80.
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Class A Aggregate | Class B Aggregate

Clay lumps and 2% 3%
friable particles
Chert 3% 3%
Sum of clay
lumps, friable 3% 5%
particles and
chert
Material finer 1% 1%
than No. 200
Coal and Lignite 0.5% 0.5%
Abrasion 50% 50%
Sodium Sulfate 12% 12%
Soundness

C. Water

(1) The water serves as a key material in the
hydration of the cement. 1In general, potable
water 1is recommended although some non-
-potable water may also be acceptable for
making concrete. Water of questionable
quality should be examined since this can
effect the strength and setting time. The
following criteria is contained in Table 1 in
AASHTO M 157 and is based on control tests
made with distilled water:

Test Limits
Compressive strength
percent of control tests at 7 days 90

Time of set
deviation from control 1 hour earlier
to
1.5 hour later
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(2) Wash water can be used to make concrete
providing the resulting concrete mix water
meets the following criteria in Table 2 in
AASHTO M 157:

Chemical Limits
Chloride as percent of weight of
cement for the following uses:

prestressed concrete 0.06
reinforced concrete in

moist environment

exposed to chlorides 0.10
reinforced concrete in

moist environment

not exposed to chlorides 0.15
sulfates 3000 ppm
alkalis 600 ppm
total solids 50,000 ppm

(3) If there is any questioh about the water, it
should be tested using AASHTO T 26.

(4) It should be noted that the American Concrete
Institute (ACI) provides more stringent
tolerances for total chlorides in the mix.
The chloride content for wash water in
AASHTO M 157 is recommended for total
chloride content in ACI 201.2R 22.

Admixtures. Admixtures are typically placed in
mixes to improve the quality or performance. They
can affect several properties and can have a
adverse impact on the mix if not used properly.

To avoid possible problems, it is suggested that
trial batches be made to evaluate the mix.

(1) Air entraining admixtures should be specified
when concrete will be exposed to freeze/thaw
conditions, deicing salt applications, or
sulfate attack. Recommendations for air
content are contained in paragraph 4d.
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(2)

(a)

(b)

A vinsol resin type admixture should be
added when fly ash having a variable
loss on ignition (LOI) content (between
3 percent and 6 percent) is present.
This is because of the effect that fly
ash's fineness and carbon content has on
the air entrainment system. Fly ashes
not having a variable LOI do not have an
adverse impact on entraining agents and
therefore vinsol resin type admixtures
may not be necessary.

The specifications for air entraining
admixtures are contained in
AASHTO M 154.

Chemical admixtures include water reducers,
retarders, accelerators, high range water
reducers (superplasticizers), corrosion
inhibitors and combinations of the above.
The specifications for chemical admixtures
are contained in AASHTO M 194.

(a)

(b)

(c)

Mixes containing admixtures are
permitted an increase in shrinkage and a
decrease in freeze thaw durability (as
indicated in Table 1 AASHTO M 194) in
comparison with mixes having no
admixtures.

Admixtures are usually accepted based on
preapproval of the material and supplier
certification. Verification tests
should be performed on liquid admixtures
to confirm that the material is the same
as that which was approved. The
identifying tests include chloride and
solids content, pH, and infrared
spectrometry.

Water reducers and retarders may be used
in bridge deck concrete to extend the
time of set. This is especially
important when the length of placement
may result in flexural cracks created by
dead load deflections during placement.
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Often water reducers and retarders may
increase the potential for shrinkage
cracks and bleeding. Because of these
concerns, increased attention needs to
be placed on curing and protection.

(d) High range water reducers can be used
to make high slump concretes at normal
water cement (w/c) ratios or normal
range slumps at low w/c ratios. The
primary concern with the use of these
admixtures is the loss of slump which
occurs in 30 to 60 minutes. Redosing
twice with additional admixture is
allowed by ACI 212.4R; however, redosing
typically reduces air entrainment. Type
F and G high range water reducers may
also be used. Type G has the added
advantage of containing a retarding
agent.

1 If transit mix trucks are used to
mix high slump concrete, it is
recommended that a 75mm slump
concrete be used at a full mixing
capacity to ensure uniform concrete
properties. If transit mix trucks
are used to mix low w/c ratio
concrete, it is recommended that
the load size be reduced to
1/2 to 2/3 the mixing capacity to
ensure uniform concrete properties.
Admixture companies are
recommending additional mixing time
with low w/c mixtures instead of
decreasing the size of the load.
This may have detrimental effects
on some properties of the concrete
such as the degradation of the
aggregate resulting from over
mixing.

i

High range water reducers may also
affect the size and spacing of
entrained air. If Freeze-Thaw
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(3)

testing as described by ASTM C 666

indicates this to be a problem, it

is recommended that the air content
be increased by 1% percent.

(e) Calcium chloride, the most commonly used
accelerator, has been associated with
corrosion of reinforcing steel and
should not be used where reinforcing
steel is present. In addition to the
corrosion problem calcium chloride also
reduces sulfate resistance, increases
alkali-aggregate reaction, and increases
shrinkage. Calcium chloride should not
be used in hot weather conditions,
prestressed concrete, or steam cured
concrete. In applications using calcium
chloride, the dosage rate should be
limited to 2 percent by weight of
cement.

(f) Non-Calcium Chloride accelerators are
available and can be used where
reinforcing steel is present. However,
care must be taken in selecting these
since some may be soluble salts which
can also aggravate corrosion.

(g) Calcium Nitrate, which can be used as a
corrosion inhibitor, also can function
as an accelerator. There are no
consensus standards available for the
use of this material. Manufacturer
specification sheets should be consulted
for proper use.

Mineral admixtures include fly ash, ground
granulated blast furnace slag, natural
pozzolans, lime, and microsilica (microsilica
is also known as silica fume). Currently

all of these materials are being used as
additives or to reduce cement contents.
Mineral admixtures are accepted based on
approved sources with certifications and
verification samples.
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According to the American Society of
Testing and Materials (ASTM) C 618 and
AASHTO M 295 there are two classes of
fly ash, class C and class F. Since
variability in fineness and carbon
content can affect air content, the
optional uniformity specifications in
AASHTO M 295 should be specified when
air entrained concrete is used. Fly
ashes with LOI values less than 3
percent will typically not affect air
content. Vinsol resin air entrainment
admixtures should be specified when fly
ash with LOI higher than 3 percent is
used.

1 Fly ash may be used as a supplement
or a replacement and is typically
limited to 15 to 25 percent. If it
is used as a replacement, it :
replaces cement on a 1.0 to 1.2:1
basis by weight.

Fly ash can be used to increase
workability, reduce permeability,
and mitigate alkali silica reaction
(ASR); some Class C can make it
worse. Class F fly ash with a
calcium oxide content less than

10 percent can be used to mitigate
ASR and sulfate attack. Fly ash
with a calcium oxide content
greater than 10 percent should be
used in concrete which will be
subjected to sulfate attack only
with verification testing. This
percentage and fly ash
classification should only be used
as a guide; further gqualification
should be based on ASTM C 452.

B8]

The cementing action with fly ash
is pozzolanic in nature. The
pozzolanic reaction with fly ash
stops at approximately 4° Celsius.

(8]
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(b)

(c)

Precautions need to be taken when
using fly ash in concrete at lower
temperatures. It should also be
noted that fly ash can reduce early
strength development and,
therefore, should be monitored
closely.

Ground granulated blast furnace slag
specifications are contained in
AASHTO M 302.

1 Ground granulated blast furnace
slag (GGBFS) is a cementitious
material and can be substituted for
cement on a 1:1 basis by weight for
up to 50 percent of the cement in
the mix.

(N8}

For fresh concrete using GGBFS, the
air entrainment agent dosage may
need to be increased. The
workability and finishability
typically are improved but in mixes
having high cementitious material
content, mixes can be sticky and
difficult to finish. Bleeding may
be reduced and setting time may be
longer.

[}

Ground granulated blast furnace
slag can reduce sulfate attack,
alkali-aggregate reactions, and
permeability. The rate of strength
gain is usually decreased and
sensitive to low temperature.

Microsilica specifications are contained
in AASHTO M 307. Microsilica can be
used as an admixture or as a replacement
for an equivalent amount of cement to
produce high strength concrete.
Microsilica will reduce permeability and
help reduce alkali-aggregate reactions.
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Microsilica has been used as an
addition to concrete up to

15 percent by weight of cement,
although the normal proportion is
10 percent. With an addition of

15 percent, the potential exists
for very strong, brittle concrete.
It increases the water demand in a
concrete mix; however, dosage rates
of less than 5 percent will not
typically require a water reducer.
High replacement rates will require
the use of a high range water
reducer.

|-

[3¥]

Microsilica greatly increases the
cohesion of a mix, virtually
eliminating the potential for
segregation. However, the cohesion
may cause mixes to be sticky and
difficult to finish. It may be
necessary to specify a higher slump
than normal to offset the increased
cohesion and maintain workability.
In addition, microsilica in the mix
greatly reduces bleeding;
therefore, mixes which contain
microsilica tend to have a greater
potential for plastic shrinkage
cracking. It is imperative to use
the proper curing methods to
prevent the surface water from
evaporating too quickly.

PROPORTIONING. Most of the concrete placed in highway
facilities in the United States are under severe
exposure conditions. State highway agencies specify a
recipe for concrete mixes which includes minimum cement
content, maximum water-cement ratio, air content range,
and minimum strength. These requirements are necessary
to achieve durability, as well as strength.

a. The maximum aggregate size should be as large as

possible. This reduces total aggregate surface
area and results in lower cement demand. The
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maximum aggregate size should be limited to

20 percent of the narrowest dimension of a
concrete member, 75 percent of the clear spacing
between reinforcing steel, or 33 percent of the
depth of a slab for unreinforced concrete.

The minimum cement content refers to all
cementitious and pozzolanic material in the
concrete, including cement and any mineral
admixtures that are being added to or substituted
for cement. Replacement rates should be based on
those contained in paragraph 3d4(3).

(1) The PCA recommends a minimum cement content
of 335 kg/m’ for concrete placed in severe
exposure conditions and ACI 316R recommends a
minimum cement content of 335 kg/m’ for
concrete pavements in all locations unless
local experience indicates satisfactory
performance with lower cement contents. Even
if strength requirements can be met with a
lower cement content, a minimum cement
content of 335 kg/m® should be used unless it
can be demonstrated that the concrete will be
durable. ’

(2) In cases where local experience allows a
reduction in cement content below 335 kg/m?
the cement content should not be reduced
below the following minimum cement contents
recommended by ACI 302.1R Table 5.2.4 for
concrete slab and floor construction. The
minimum cement contents listed below are
based on the nominal maximum size of the
aggregate. The cement content decreases as
the nominal maximum aggregate size increases
due to the decrease in aggregate surface

area.
Nominal maximum size Cement content
aggregate, mm kg/m?

37.5mm 280kg/m?

25mm 310kg/m?

19mm 320kg/m?

12.5mm 350kg/m?

9.5mm 365kg/m?
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(3) Low strength concrete in the field should not
be addressed by arbitrarily increasing the
cement content since an increase in cement
content will increase the water demand
leading to higher shrinkage and permeability.
All changes in mix proportions should be
evaluated with a trial batch.

C. The water-cement ratio in all cases should be as
low as possible while maintaining workability.
For freeze thaw resistance the following maximum
water cement ratios are recommended in ACI 201.2R.

Thin sections (bridge decks, pavements and
curbs) and sections with less than 25 mm
cover and concrete exposed to deicing

salts 0.45

all other structures 0.50

The water-cement ratio should include the
weight of all cement, pozzolan, and other
cementitious material.

d. The air content in the mortar fraction of the mix
should contain approximately 9 percent air for
concrete mixes exposed to severe conditions.

(1) The following recommendations are from
ACI 201.2R Table 1.4.3.

Nominal maximum size Air content
aggregate, mm Percent
37.5mm 5-1/2
25mm 6
19mm 6
12.5mm 7
9.5mm 7-1/2

(2) The specified tolerance for air content
should be + 1% percent.

PROPERTIES OF CONCRETE. Trial batches should be
performed on all mixes at the expected placement
temperatures. This is especially true for mixes
containing multiple admixtures.
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c.

Workability. A concrete mix must be workable to
ensure proper consolidation and finishing. The
workability of a mix is a function of the
gradation of the aggregate, amount and type of
admixtures, water content, concrete temperature,
and time. Once a workable mix is established
during the trial batch process, slump can be used
to monitor the consistency and uniformity of the
mix. Slump, by itself, is not a measure of
workability.

Durability

(1) Freeze-thaw durability depends on durable
aggregates, proper air entrainment, low
permeability, and a low water-cement ratio.

(2) D-cracking is strictly a pavement durability
problem and is associated with aggregates.
It should be addressed with the source
approval of the aggregates.

(3) Alkali aggregate reactions are mostly the
result of the alkali content of the cement in
the concrete. The most common alkali
aggregate reaction is associated with
silicious aggregates although reactions have
occurred with carbonate materials. If a
reactive aggregate is encountered, several
options are available: not using the source
of aggregate, using a low alkali cement,
using fly ash, or using microsilica. If
alkali reactive aggregates are used, testing
should be performed with the mix prior to its
use to ensure a durable concrete.

(4) Resistance to or susceptibility to sulfate
attack depends on the chemical composition of
the cementitious portion of the concrete.
Sulfate attack can occur from ground water,
deicing salts, or sea water. Type II or
Type V cement or some fly ashes, may be used
to mitigate the problem.

Strength. The strength requirement is the

compressive strength, £’_,, at 28 days. This must
be equal to or exceed the average of any set of
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three consecutive strength tests. No individual
test (average of two cylinders) can be more than
3.5 MPa below the strength requirements in the

specification.
6. MIXING, AGITATION, AND TRANSPORTATION
a. In order to ensure proper operation, a concrete

plant must be calibrated and inspected. Plant
approval should include all the items covered in
the Checklist for Portland Cement Concrete Plant
Inspection (Attachment 1). This same checklist
also discusses the inspection of truck mixers.

The plant certification program operated by the
National Ready Mix Concrete Association covers the
same information contained in the attachment.

b. The mixing time for central mixers and approval of
truck mixers should be determined by the
uniformity test discussed in AASHTO M 157, Ready
Mixed Concrete. The test is based on the
comparison of tests on samples taken at the first
and last 15 percent of the load. The following
are maximum permissible differences to consider
the mix properly mixed.

Maximum

Test Difference
Unit weight (air free basis) 15 kg/m?,
Air content 1 percent
Slump

less than 100mm 25mm

100 to 150mm 37.5mm
Coarse aggregate content 6.0 percent
Unit weight of air free mortar 1.6 percent
Compressive strength (7 day) 7.5 percent
c. Water added at the job site must be measured

accurately. A water meter is the most accurate
method for determining the amount of water added
to the mix.

d. The recommendations for testing appear in
paragraph 11, Quality Control and Testing, of this
document.
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The haul time should be limited to 90 minutes for
truck mixers that agitate the mix and 30 minutes
for trucks that do not agitate the mix. The
maximum number of revolutions for truck mixers
should be limited to 300.

No admixtures or water should be permitted to be
added to the mix after the mixer has started
unloading.

PLACEMENT AND CONSOLIDATION

a.

Prior to placement of the concrete an inspection
should occur covering the items in either the
checklist for the placement of structural concrete
(Attachment 2) or the checklist for the placement
of concrete paving (Attachment 3).

Acceptance testing for pumped concrete should
occur at the discharge end of the pump.

Aluminum pipe and chutes should not be used in
concrete pumping operations.

Concrete can be conveyed to the location of
placement by several commonly used methods
including pumps, belt conveyors, buckets, chutes,
and dropchutes. Care should be taken to ensure
that there is no debris or blockages that will
hinder or influence the properties or flow of the
material. Concrete should not be allowed to free
fall from distances greater than 1.2 meters to
avoid segregation.

All concrete should be accompanied to the project
with a delivery ticket. A sample delivery ticket
appears as Attachment 4.

The proper consolidation of concrete is a

significant factor in the ultimate performance of
the concrete and it is achieved through vibration.
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(1) The following are recommended frequencies for
vibrators from ACI 309.

Diameter of ' Fregquency
head, mm vibrations per minute
20 to 40 mm 10,000 - 15,000
30 to 65 mm 9,000 - 13,500
50 to 90 mm 8,000 - 12,000
8. CURING AND PROTECTION
a. Curing

(1) Curing is performed to maintain the presence
of water in concrete and to provide a
favorable temperature for cement hydratlon
Methods of curing include ponding, spraying,
and fogging with water, wet covers such as
burlap, plastic sheets, membranes, and the
use of steam, electric forms, or insulation.

(2) The application rate of a particular curing
compound should be based on the rate
established during the approval process of
the curing compound. The AASHTO M 148
ingicates that a rate of application of
5m’/liter should be used for testing the
material if no other rate is specified.

'b. Protection

(1) Cold weather protection should be required
when it is expected that the daily mean
temperature for three consecutive days will
fall below 4° Celsius. The following
recommendations are for the minimum
temperatures for delivered concrete as they
appear in AASHTO M 157.

Air Minimum Concrete Temperature
Temperature Thin Thick

-1 to 7°C 16°C 10°C

-18° to -1°C 18°C 13°C

Below -18°C 21°C 16°C
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[

Thin sections are defined as those less than
300 mm.

(2)

(3)

(4)

Concrete should never be placed on a frozen
subgrade. Care should be taken to assure
that the subgrade is free from frost.

Hot weather conditions can be defined as a
condition of high temperature, low humidity,
and high winds. The existence of these
conditions can be determined by finding the
evaporation rate described in ACI 305 and
included in Attachmen; 5. An evaporation
rate exceeding 1 kg/m /hr has the potential
of causing plastic shrinkage cracks. The
evaporation rate is a function of concrete
temperature, ambient temperature, relative
humidity, and wind velocity. This chart

has been incorporated into several State
specifications. It may not completely apply
in all cases, especially in mixes containing
admixtures which reduce the amount of
bleeding.

In addition to the plastic shrinkage cracking
problem, ultimate strength will decrease with
higher temperatures. The ACI has not
recommended a maximum concrete temperature
since strength loss can be compensated for by
other means.

However, significant strength loss occurs
above 32°C. Due to the strength loss and
increase in potential for plastic shrinkage
cracking, many States have set a maximum
ambient placement temperature of 32°C. 1In
all cases, trial batches should be performed
at the highest expected temperature to ensure
that the concrete will have the desired
properties.

9. CONCRETE DISTRESS CONDITIONS

a.

Alkall aggregate reactivity can be one of two

types, alkali-silica and alkali-carbonate. The

most prominent problem is cracking of the concrete

due to the alkali-silica reaction (ASR).
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(1) A widely used test to determine ASR 1is
ASTM C 227. The current test criteria allow
a maximum expansion of 0.05 percent at
3 months and 0.1 percent at 6 months.
Research by PCA indicates that the critical
criteria is 0.1 percent ultimate expansion.
Since some reactions take longer than others,
testing should continue as long as expansion
is occurring. Some aggregates may take
several years to show expansion.

(a) Recently the Strategic Highway Research
Program developed a test which can be
used for rapid determination of ASR. It
is called the Gel Fluorescence Test and
can be performed easily and
inexpensively by field personnel. With
this test, a 5 percent solution of
uranyl acetate is applied on the
concrete surface. Ultraviolet light is
then used to illuminate the surface and
if ASR exists, a yellow-green
fluorescent glow will appear. Some
safety concerns may be associated with
this test so proper precautions are
recommended. It should also be noted
that the test is limited to preexisting
concrete and not to fresh concrete.

(b) Alkali-silica reaction can be mitigated
by limiting the alkali content of
portland cement to 0.6 percent, by using
class F fly ash or microsilica
admixtures, or by reducing the water to
cement ratio. The success of this
approach may be limited; therefore,
laboratory testing should be conducted.
Protecting the final structure from
moisture also reduces ASR.

(c) Although PCA recommends 25 percent of
the fine aggregate be siliceous material
to improve skid resistance, the use of
some siliceous material can promote the
ASR reaction and requires care to ensure
this will not occur.
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(2) Alkali-carbonate reaction (ACR) may occur
with dolomitic limestones which contain large
amounts of calcite, clay, or silts.

ASTM C 586 is used to screen dolomitic
materials for alkali-carbonate reactions.

b. D-cracking occurs when freeze-thaw conditions
combine with saturated concrete made from
susceptible coarse aggregates. The problem is
only associated with pavements. Some dolomites
and limestones are susceptible due to their pore
structure.

(1) The most common test for predicting
D-cracking susceptible aggregates is
AASHTO T 161. There are two methods
contained in the procedure. In method A
the specimens are immersed in water for
freezing and thawing. In method B the
specimens are frozen in air and thawed in
water. The number of freeze thaw cycles
varies between 300 to 350. The minimum
durability factor specified by the States
range between 80 and 95. Some States have
also specified a maximum expansion criteria
range between 0.025 percent and 0.06 percent.
It should be noted that the test method
allows a significant range of time for
freezing and thawing cycles. This can
account for the variation in the criteria
used by the States. Care needs to be taken
when establishing criteria so that it will
correspond to the test equipment and the
history of performance of the aggregates.

(2) The hydraulic fracture test developed under
: SHRP may be able to provide a determination

of the D=-cracking susceptibility of
aggregates in only about 1 week compared with
the 8 weeks for T 161. In this test, dry
aggregates are submerged in a pressure
chamber and the pressure is increased to
force water into the pores. After releasing
the pressure, D-cracking susceptible
aggregate will fracture as the water is
forced out of the pores.
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MANUFACTURED CONCRETE PRODUCTS Concrete products
consist of structural elements constructed at a plant
and trucked to the jobsite. These precast products
typically consist of beams, pipes, barriers, poles and
other special elements. The criteria outlined within
this document apply to these products as well.
Additional information about prestressed products are
contained in the Checklist for Prestressed Concrete
Products in Attachment 6.

QUALITY CONTROL AND TESTING

a. All testing should be performed by certified
technicians. The ACI and the National Institute
for Certification in Engineering Technologies
(NICET) administer a concrete technician
certification program. Gulidance for establishing
a certification program for testing personnel
appears in a FHWA paper titled "Laboratory
Accreditation and Certification of Testing
Personnel.”

b. Process control testing should be performed on
aggregate moisture content, aggregate gradation,
alr content, unit weight, and slump at the plant.

(1) The specifications should require that the
contractor provide a process control plan.
The State should also provide guidance on the
minimum requirements for a process control
plan. As a minimum, the process control plan
should include the information contained in
Attachment 7.

(2) All process control tests should be plotted
on control charts. Control charts are a good
visual tool for discovering trends quickly
before major problems occur.

c. The acceptance procedures should include

monitoring of the process control activities
including aggregate gradation testing. 1In
addition, acceptance testing at placement would
include slump, strength, and air content. Close
monitoring of the water-cement ratio is also
required since this will ultimately affect the
durability and strength of the concrete.
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Additional information on acceptance procedures is
provided in the Technical Advisory on Acceptance
of Materials T 5080.11.

d. It is recommended that compressive strength be
accepted using statistical criteria (based on
average strength and standard deviation) to ensure
that the strength, f'_,, at 28 days, is equal or
exceeded by the average of any set of three
consecutive strength tests. No individual test
(average of two cylinders) can be more than 3.5
MPa below the specified strength. There are two
strengths to be considered. ©ne i1s the minimum
specified strength (f',) which is a function of
the structural requirements. The second is the
average strength for mix design (f'.,.). The f'_
must be higher than f'. to ensure that the
concrete will exceed the minimum specified
strength. The following recommendations for f'_,
are from ACI 318. :

(1) Unknown Standard Deviation
Specified compressive Required average

strength, MPa compressive.
strength, MPa

£, £ler
Less than 20MPa f'., + 6.9
20MPa to 35MPa £'. + 8.3
Over 35MPa f'. + 9.6
(2) Known Standard Deviation

For greater than 30 test results (one test
result is the average of two cylinder breaks)
f'.: 1s the greater of the two values from
the following equations.

MPa

f'., = £'. + 1.4s
f'., = £'. + 2.4s - 3.5

s = Standard deviation

3.10.22



FHWA TECHNICAL ADVISORY T 5080.17
July 14, 1994

(3) For 15 to 30 test results the standard
deviation in the above formulas can be
modified by the following factors.

Modification factor for

No. of Tests standard deviation
Less than 15 use table for unknown s
15 1.16
20 1.08
25 1.03
30 1.00
e. Air content and slump should be accepted based on

an attribute system, i.e., pass/fail. The
following is a recommended criteria.

Acceptance Air content Slump
criteria deviation, % deviation,
mm
Acceptable < 1.5 < 25mm

Acceptable for
trucks on .
. the road 1.5 to 2 25 to 31.5mm

Reject > 2 > 31.5mm
f. Testing procedures for resistance to freeze-thaw

damage, deicing salt attack, and abrasion
resistance are long and involved and do not lend
themselves to testing on a routine basis. These
tests are usually conducted to determine the
durability of the concrete. It should also be
noted that high strength concrete does not always
insure durable concrete.

(A

Anthony R. Kane
Associate Administrator
for Program Development

Attachments
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CHECKLIST FOR
PORTLAND CEMENT CONCRETE PLANT INSPECTION

1. Materials

A. Cements and Mineral Admixtures (cement, fly ash,
etc.)

(1) Is evidence of cement or fly ash
acceptability present (certification, test
results)?

(2) Are bins or silos tight and provide for free
movenent to discharge opening?

(3) Are bins or silos periodically emptied to
check for caking?

(4) Plants should provide separate storage for
each type of cement or mineral admixture
being used. Are the materials being isolated
to prevent intermingling or contamination?

B. Aggregates

(1) Does the plant display evidence of source
approval?

(2) Are aggregates stockpiled to prevent
segregation and degradation? The preferred
method of stockpiling is in layers. Cone
shaped stockpiles will segregate.

(3) Are stockpiles adequately separated to
prevent intermingling?

(4) Does the plant maintain separate storage bins
or compartments for each size or type of
aggregate? Are the aggregates tested for
gradation and moisture content?

(5) What is the surface underneath stockpiles?
Soil or paved? Are the stockpiles covered?
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C. Water

Does the plant have an adequate water supply
with pressure sufficient to prevent
interference with accuracy of measurement?

(2) 1Is there any evidence or history of

contaminants in supply?
D. Ligquid Admixtures

(1) Is there evidence of source approval?

(2) 1Is the admixture and dispensing equipment
protected from freezing, contamination, or
dilution? ‘

(3) How often are the admixture metering and

dispensing equipment periodically cleaned?

2. Batching Equipment
A. Scales

(1)

(4)

(5)

Scales should indicate weight by meahs of a
beam with balance indicator, full range dial,
or digital display.

For all types of batching systems the
weighing devices must be readable by the
batchman and the inspector from their normal
stations.

Scales should be certified or should be
calibrated with a certified scale.

Ten 25 kilogram test weights should be
available at the plant at all times.

Scale accuracy should generally be within
plus or minus .4 percent of the scale
capacity.

Water meters will need to be calibrated to 1
percent of total added amount.
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Batchers

(1)

(7)

Mixing

A.

Cementitious material should be weighed on a
scale that is separate and distinct from
other materials.

Bins with adequate separation should be
provided for fine aggregate and each size
coarse aggregate.

Weigh hoppers should not allow the
accumulation of tare materials and should
fully discharge into the mixer.

Batchers should be capable of completely
stopping the flow of material and water
batchers should be capable of leak free
cut off. '

Separate dispensers will be provided for each
admixture.

Each volumetric admixture dispenser should be
an accurately calibrated container that is
visible to the batchman from his normal
position.

Aggregate should be measured to plus or minus
2 percent of the desired weight, cement to

1 percent, water to 1 percent and admixtures
to 3 percent.

Semi-automatic and automatic control
mechanisms should be appropriately
interlocked.

Stationary Mixers

(1)

(2)

Mixers should be equipped with a metal plate
that indicates mixing speed and capacity.

Mixers should be equipped with an acceptable

timing device that will not permit discharge
until the specified mixing time has elapsed.
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(3)

Mixers are to be examined periodically to
detect changes in condition due to
accumulation of hardened concrete or blade
wear. A copy of the manufacturer’s design,
showing dimensions and arrangements of
blades, should be available at the plant at
all times.

B. Truck Mixers

(1)

(4)

4, Weather
A.

(1)

(2)

(1)

Mixers should be equipped with a metal plate
that indicates mixing speed, capacity, mixing
revolutions, agitating speed and agitating
capacity.

Mixers should be equipped with a revolution
counter.

Mixers are to be examined to determine
satisfactory interior condition, that is, no
appreciable accumulation of hardened concrete
and no excessive blade wear. A copy of the
manufacturer’s design, showing dimensions and
arrangements of blades, should be available
at the plant at all times.

Charging and discharge openings and chutes
should be in good condition.

Hot Weather

When concreting during hot weather, is plant
equipped to cool ingredients? Is equipment
available to produce acceptable ice?

How are aggregates cooled? If by sprinkling,
is provision made to account for excessive
water?

Cold Weather

When concreting during cold weather, is plant

equipped to heat ingredients to produce
concrete of applicable minimum temperature.
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CHECKLIST FOR
STRUCTURAIL CONCRETE

TREATMENT OF FOUNDATION MATERIAL

Has special care been taken not to disturb the bottom
of any foundation excavation?

CURING

Is the concrete being cured for 7 days, by one of the
following methods?

(a) Waterproof paper method

(b) Polyethylene sheeting method
(c) Wetted burlap method

(d) Membrane curing method

REINFORCEMENT BAR STORAGE

Are all delivered rebars being stored above the ground
upon skids, platform, or other supports? A light
coating of rust will not be considered objectionable.

Are epoxy coated bars being stored on padded supports
and handled to prevent damage to the bar coating?

FORMS

Are the forms clean, braced, tight, and sufficiently
rigid to prevent distortion?

When wooden forms are used, are they dressed lumber or
plywood and oiled prior to rebar placement?

Are all sharp corners in forms being filleted with
20 millimeters molding, unless otherwise specified?

REINFORCEMENT BAR_PLACEMENT
Are all reinforcement bars tied securely in place? Are

epoxy coated bars being tied with plastic or epoxy
coated tie wire?
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When epoxy coated bars are cut in the field, are they
being sawed, sheared, or cut with a torch? cCutting
with a torch is not acceptable. 1If cut in the field,
the bars should be repainted at the cut ends with a
similar type of epoxy paint.

Are at least 50 percént of the bar intersections being
tied?

Are all rebar laps of the specified length?

Are all portions of metal bar supports in contact with
any concrete surface galvanized or plastic coated? Are
epoxy coated bars being supported with plastic, plastic
coated, or epoxy wire chairs?

Are the reinforcement bar support in sufficient
gquantity and adequately spaced to rigidly support the
reinforcement bars?

After epoxy coated bars are in place, are the bars
inspected for damage to the coating and is the
contractor repairing all scars and minor defects using
the specified repair materials?

Is the finishing machine being used to detect high bars
by making a "dry run" over the length of the deck prior
to concrete placement? 1Is-the proper coverage being
maintained between the bars and any form work or
surface, top, side, and bottom?

PRE-POUR INSPECTION

Prior to the placement of the concrete have the
reinforcement bars, construction joints, and forms been
cleaned of mortar, dirt, and debris?

Are the strike-off screeds set to crown, and other

equipment on the job-site (such as vibrators) in good
working condition?

USE OF RETARDING ADMIXTURE (BRIDGE DECK)

If the specified temperature is reached, is a retarding
admixture being used in the bridge deck concrete?
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TEMPERATURE CONTROL

Are proper precautions being taken for hot and cold
weather concrete?

If outside temperatures warrant it, are temperature
checks of the plastic concrete being taken?

TIME OF HAUL

Is all concrete that is being hauled in truck mixers
being deposited within 90 minutes from the time stamped
on the tickets?

If central-mixed concrete is hauled in nonagitor
trucks, 1is the concrete being deposited within
30 minutes?

REVOLUTIONS

Have 70 to 100 mixing revolutions at mixing speed been
put on the truck at the required speed (6-18 RPM)?

Have 30 mixing revolutions been placed on the truck at
the required speed (6-18 RPM) after water has been
added at the site?

Is the agitating speed between 2-6 RPM?

Are total number of revolutions being limited to 3007

CONCRETE DELIVERY TICKET

Are all truck tickets being properly completed,
collected, and retained?

WATER CONTROL

Is all water that is being added to the mix accounted
for and checked to ensure the w/c ratio is not
exceeded?

AIR CONTENT DETERMINATION

Are air content tests being performed according to the
required frequency?
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14. SLUMP TEST

Are slump tests bring performed according to the
required frequency?

15. STRENGTH TEST

Are concrete test specimens being cast at the site of
work as per the required frequency?

16. PLACING CONCRETE

Is the concrete being deposited as near its final
position as possible? (Moving concrete horizontally
with vibrators is not permitted.)

Is the concrete being bucketed, belt conveyed, pumped,
or otherwise placed in such a manner as to avoid
segregation and is not being allowed to drop more than
1.2 meters? ‘

17. CONSOLIDATTION

Is all the concrete being consolidated with hand
operated spud vibrators while it is being placed?

18. FINISHING (DECKS)

Is a finishing machine (having at least one
reciprocating, nonvibratory screed operating on rails
or other supports) being used to strike off and screed
the bridge deck?

19. STRAIGHTEDGE TESTING AND SURFACE CORRECTION (DECK)

Is the plastic concrete being tested for trueness with
a 3 meter straightedge held in contact with the slab in
successive positions parallel to the centerline?

Are all depressions being immediately filled and all
high areas being cut down and refinished?

20. SURFACE TEXTURING
Is the deck surface being textured with either a burlap

drag or an artificial turf drag followed by tining with
a flexible metal conb?
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CHECKLIST
FOR
PORTLAND CEMENT CONCRETE PAVING

SUBBASE TRIMMING

Has the subbase been trimmed prior to paving?

PAVING FORMS (IF USED)

Are the forms: metal, not less than 3 meters in
length, equipped with both pin locks and joint locks,
within 2 millimeters along the length of its upper
edge, within 7.5 millimeters along the length of its
front face, and in sufficient supp%y.

Is the height of form face at least the edge thickness
of proposed pavement, the base width equal to or
greater than the height, and are three steel pins being
used to secure each section?

Are the forms being set on a hard and true grade, built
up in 12.5 millimeters maximum lifts of granular
material in low areas (without using wooden shims) and
oiled prior to the placing of concrete?

When wooden forms are allowed, are they full depth,
smooth, free of warp, not less than 50 millimeters

thick when used on tangent, and securely fastened to
line and grade?

Are curved form of metal or wood being used on curves
of 30 meters radius or less?

FORM ALIGNMENT

Is the contractor checking the forms for line and grade
and making necessary adjustments prior to concrete
placement?

TEMPLATE

Is the surface of the subbase being tested for crown
and elevation by means of a template?

3.10.33



FHWA TECHNICAL ADVISORY T 5080.17

July 14,

1994

ATTRACHEMENT 3

10.

11.

SUBBASE THICKNESS TEST

After trimming, is the thickness of the subbase being
checked?

DRAINAGE
Is the subgrade being kept drained during all
operations? Are all berms of earth deposited adjacent

to the grade being kept drained by cutting lateral
ditches through the berms?

LUG SYSTEMS (CONTINUQOUSLY REINFQORCED)

If concrete lug end anchorages are specified, are they
staked and checked for dimensions and re-bar placement
as shown in the plans?

Are they constructed of Structural Concrete at least
24 hours prior to pavement construction?

LONGITUDINAL JOINT KEYWAY AND BARS
Are the beginning and ending stations marked where
adjacent curb, median, or pavement will necessitate the

placement of keyway and/or bars in the edge of the
proposed pavement?

SUPERELEVATION STAKING

Are the plan curb data examined for all curves to
determine where to stake the beginning and ending
stations for all superelevation transitions?

TEMPERATURE LIMITATIONS

Does the outside air temperature in the shade meet
State specifications?

Does the temperature of the concrete meet State
specifications at the time of placement?

REINFORCEMENT LAPPING

Are the locations and lengths of lap for bar or fabric
reinforcement in conformance with the specifications.

Are all bar and fabric laps being tied?
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TRUCK REQUIREMENTS

Is all concrete in a stationary mixer being deposited
within 30 minutes when hauled in non-agitating trucks
and within 90 minutes when hauled in agitator trucks?

Is transit mixed concrete being delivered and deposited
within 90 minutes from the time stamped on the ticket?

If the contractor plans to use previously placed
pavement as a haul road, are the truck weights checked
to assure compliance with maximum weights permitted by
State Law?

REINFORCEMENT PLACEMENT

Is the reinforcement being placed in accordance with
one of the following methods?

Method A - After the full depth concrete is struck off
the reinforcement should be placed into the concrete to
the required depth by mechanical means.

Method B - The reinforcement should be supported on the
prepared subbase by approved chairs having sand plates.

Method C - When the concrete is being placed in two
layers the reinforcement should be laid full length on
the struck-off bottom layer of concrete in its final
position without further manipulation. (Cover within
30 minutes.) The depth of the first 1lift is 2/3 the
depth of the pavement.

Method D - The reinforcement may be placed in the
pavement using a method which does not require
transverse steel or support chairs for support of the
longitudinal steel. Tie bars at longitudinal joints
are still required.

SEQUENCES OF FORM TYPE PAVING

Is all of the required concrete finishing equipment on
the job and in acceptable working condition? Are the
following sequences for form type paving being properly
followed:
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15.

Placing concrete. As little rehandling as
possible. If equipment used can cause
segregation, is the concrete being unloaded
into an approved spreading device?

Strike-off. Is the concrete being struck
full width to the approximate cross section
of the pavement?

Consolidation. 1Is one pass of an approved
surface vibrator or internal vibrator being
made?

Screeding. Are at least two passes with a
machine having two oscillating screeds, and a
finisher float being made?

Straightedging - Are at least two 3 meter
long shoulder operated or surface operated
surface trueness tester